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PREFACE 


This manual provides reference information on the CONTROL DATA® CYBER channel coupler 
(CCC). The CCC allows connection of a CDC® CYBER 170/180 series computer to a disk, 
magnetic tape, tape storage, or printer subsystem that meets the requirements of a Federal 
Information Processing Standards (FIPS) peripheral device. The information in this manual 
is organized under the following major sections and appendixes: 

Section 1. General Description 

Section 2. Operation 

Section 3. Programming 

Appendix A. UDI Control Signal Assignments 

Appendix B. Processor Instruction Codes 

Appendix C. FIPS I/F Sequence Charts 

Appendix D. FIPS Device Interface Status 
Following is a list of other manuals providing subsystem user information on the various 
subsystems of which the coupler is a part. Also listed are the hardware maintenance manual 


for the CYBER channel coupler, and the site preparation manual that provides site layout 
information for the various subsystems. 


Title Publication Number 
895 Disk Storage Subsystem User’s Guide 60459190 
7990 MASSTOR Tape Storage Subsystem User’s Guide 60462000 
5870 Non-Impact Printer Subsystem User”’s Guide | 60461360 


698 CYBER Magnetic Tape Subsystem (CMTS) 
User’s Guide 60000009 


FR205—-A, FV720-A CYBER Channel Coupler. 
Hardware Maintenance Manual 60459180 


FR205-B, FV720-B CYBER Channel Coupler 
Hardware Maintenance Manual 60000021 


Computer Systems Site Preparation 
Peripheral Data 60275300 


All manuals may be ordered from: 
Control Data Corporation 
Literature and Distribution Services 


304 North Dale Street 
St. Paul, MN 55103 
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This equipment generates, uses and can 
radiate radio frequency energy, and if not 
installed and used in accordance with the 
instructions manual, may cause interference 
to radio communications. It has been tested 
and found to comply with the limits for a 
Class A computing device pursuant to Subpart 
J of Part 15 of the FCC rules, which are 
designed to provide reasonable protection 
against such interference when operated ina 
commercial environment. Operation of this 


equipment in a residential area is likely to 


cause interference in which case the user, 
at his own expense, will be required to take 
whatever measures may be required to correct 
the interference. 
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GENERAL DESCRIPTION 


INTRODUCTION 


The CDC CYBER channel coupler (CCC) contains the hardware necessary to connect a CDC CYBER 
170/180 series computer to a disk, magnetic tape, tape storage, or printer subsystem that 
meets the requirements of a Federal Information Processing Standards (FIPS) device. The 
coupler requires that different microcode be loaded in memory of the coupler to control 
either disk, magnetic tape, tape storage, or printer subsystem functions. Microcode 
information is provided in separate subsystem user manuals applicable to the type of 
subsystem being used. Refer to the preface of this manual for publication numbers. 


The following paragraphs provide a basic description of the hardware configuration, 
subsystem configurations, functional description, and equipment specifications of the CYBER 
channel coupler. 


HARDWARE CONFIGURATION 


The coupler connects to a peripheral processor (PP) channel of a CYBER 170/180 computer and 
a FIPS compatible disk, magnetic tape, tape storage, or printer subsystem. The coupler 
consists of a data bus, processor, random-access memory (RAM), programmable read-only memory 
(PROM), CYBER channel interface, FIPS device interface, FIPS power control circuits, and 


transfer logic. These coupler elements are shown in block diagram form in figure 1-1 and 
described in the following paragraphs. 


DATA BUS 


The data bus interconnects the various components (processor, CYBER channel interface, FIPS 
device interface, and both the RAM and PROM memories) of the coupler. Use of the data bus 
is divided equally between the processor, CYBER channel interface, and the FIPS device 
interface. 


PROCESSOR 


The processor is an internally programmed, 16-bit device that decodes function commands from 
the PP and issues instructions that allow the functions to be performed. The processor 
consists of two major sections: a control section and an arithmetic section. The control 
section processes the function commands and sequences the various instructions. The 
arithmetic section performs all related arithmetic operations. Refer to appendix B for 
additional information on the processor. 
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Figure 1-1. CYBER Channel Coupler Block Diagram 


RANDOM-ACCESS MEMORY 


The RAM contains 16 384 words of memory having a maximum read access time of 85 ns. Each 
word is 16 bits in length. The addresses available for use are 0000)¢ through 3FFF16. 
The microcode program is loaded into the RAM from the PP for subsequent use by the processor. 


PROGRAMMABLE READ-ONLY MEMORY 


The PROM contains 4096 words; each word is 16 bits in length. The addresses available for 


use are 8000)6 through 8FFF1¢. Firmware consisting of autoload functions and internal 
coupler diagnostics is permanently coded in the PROM. 


CYBER CHANNEL INTERFACE 


The CYBER channel interface links the CYBER 170/180 PP channel to the processor and memory 
of the coupler. This PP channel is connected to the coupler via two 19-pin coaxial cables. 
All functions received from the PP (except the X5XX and X7XX diagnostic functions or 
functions that contain a channel parity error) are routed to the processor. The processor 
decodes the function and directs the CYBER channel interface to respond to the function. No 
response is sent to the PP if a parity error is detected. 
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After sending an inactive to the PP channel in response to a function, the CYBER channel 
interface waits for the processor to inform it as to the type of write or read operation 
that will follow (if any). 


FIPS DEVICE INTERFACE 


The FIPS device interface contains the receivers, transmitters, and control logic to drive 
the attached peripheral device. It also provides code translation and block ID generation 
for tape control units. 


The FIPS device interface does not use any interrupts. Therefore, no interrupt logic is 
connected and all logic associated with interrupts is disabled where possible. 


FIPS POWER CONTROL PANEL 


Two FIPS power control switches are provided on the power control panel to power two 
separate equipment chains. Each switch controls the power sequence to its respective 
peripheral device in accordance with the FIPS Channel Level Power Control Interface standard. 


TRANSFER LOGIC 


The transfer logic provides the necessary hardware to transfer data from the CYBER channel 
interface through memory to the FIPS device interface. This is accomplished through use of 
buffer registers. During the transfer, data is written into a 512-byte buffer by one 
interface and read from that buffer by the other interface. 


SUBSYSTEM CONFIGURATIONS 


Each coupler can be accessed by only one PP channel, and each coupler provides control for 
only one disk, magnetic tape, tape storage, or printer subsystem. Figures 1-2, 1-2.1, 1-3, 
and 1-4 show typical configurations for these types of subsystems respectively. The figures 
depict examples of how the CYBER channel coupler is configured in the CDC 895 Disk Storage 
Subsystem, the CDC 698 CYBER Magnetic Tape Subsystem, the CDC 7990 Tape Storage Subsystem, 
and the CDC 5870 Non-Impact Printer Subsystem. 


Note that the FR205 is the basic equipment with only one coupler installed in the cabinet, 


and the FV720 is an option that adds one additional coupler in the cabinet. The FV/20 
option consists of logic cards only. 
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Figure 1-2. Typical 895 Disk Storage Subsystem Configuration 


NOS software supports a maximum of two active 
CYBER accesses per spindle. These accesses 
are defined at the time of installation. 
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Figure 1-2.1. 
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Typical 698 CYBER Magnetic Tape Subsystem Configuration 
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7990-11 STORAGE CONTROLLER 


Z\ A 7990-11 STORAGE CONTROLLER CONNECTS TO ONE TO FOUR 7991-11/12 STORAGE 
MODULES. (ONE TO EIGHT DATA RECORDING DEVICES) 


IAN A 7991-11 STORAGE MODULE CONTAINS ONE DRD AND A 7991-12 CONTAINS TWO 
DATA RECORDING DEVICES. 


Figure 1-3. Typical 7990 Tape Storage Subsystem Configuration 


5870 NON-IMPACT PRINTER 


CYBER 170/180 CHANNEL ON-LINE CL931A PRINTER 
PP CHANNEL COUPLER CONTROL MODULE SUBSYSTEM 


Figure 1-4. Typical 5870 Non-Impact Printer Subsystem Configuration 


FUNCTIONAL DESCRIPTION 


The CYBER channel coupler is driven by a CYBER 170/180 series peripheral processor (PP). 

All communication between the PP and the coupler is initiated by function codes from the 

PP. All function codes are 12 bits in length. Since the coupler is the only equipment on a 
channel, all 12 bits are used for function bits. The functions have a PP timeout of 
approximately 1 s to avoid hanging the channel in a full condition should a hardware logic 
failure occur. The coupler replies to all legal function codes described in the applicable 
subsystem user’s manual. The coupler microcode converts PP functions. into commands for 
controlling the attached subsystem control units and devices and also converts 
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subsystem status conditions to general and detailed status for use by the operating system. 
The PP activates the channel prior to input or output of parameters or data and disconnects 
the channel after all output of parameters or data is complete. The coupler inactivates the 
channel after all PP input of parameters or data. Data transfer errors to or from the PP in 
which not all words were transferred are terminated by the microcode. Any other error 
condition in which the channel remains connected and active for a period of approximately 7 
to 10 seconds is inactivated by the hardware. 


ENVIRONMENTAL CONDITIONS 


Equipment specifications for the CYBER channel coupler are described in the following 
paragraphs. 


POWER REQUIREMENTS 


120 V ac, 50/60 Hz, single phase, at 1.1 kVA and 120/208 V ac, 400 Hz, 3 phase, at 0.4 kVA. 


EQUIPMENT SPECIFICATIONS 


Following are the temperature and relative humidity measurements. 


Temperature 
‘Operating: 15 °C to 32 °C (59 OF to 90 °F) 


Nonoperating: -40 °C to 60 °C (-40 °F to 140 OF) 


Relative Humidity 


Operating: 35 to 60% 


Nonoperating: 5 to 95% 


PHYSICAL CHARACTERISTICS 
Height: 1676.4 mm (66.0 in) 
Width: 736.6 mm (29.0 in) 
Depth: 635.0 mm (25.0 in) 


Weight: 158.7 kg (350 lb) 
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1/O CABLE INFORMATION 


From To Quantity 
Coupler FIPS Device 2 
Coupler PP Channel Z 


Cable Part Number Length (Maximum) 
774750XX T 61 m (200 ft) 
19191600 19.8 m (65 ft) 


ft These cables are shielded and have a quick-disconnect terminal fastened to the shield at 
each end. Part numbers for various lengths of acceptable shielded cables are as follows: 


Length Foil Shield 
6.1 m (20 ft) 77475035 
9.2 m (30 ft) 77475037 
12.2 m (40 £t) 77475039 
24.5 m (80 ft) 77475079 
30.5 m (100 ft) 77475083 
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Braid Shield 


77475043 
77475045 
77475047 
77475055 


77475059 


OPERATION 2 


INTRODUCTION 


This section provides information on the operating controls and indicators of the CYBER 
channel coupler and its related operating procedures. For similar information on the 
various subsystem peripheral devices that may be attached to the coupler, refer to the 
applicable Control Data publication for that device. 


OPERATING CONTROLS AND INDICATORS 


The only operator controls and indicators on the CYBER channel coupler are those that 
pertain to applying power to or removing power from the unit. These are shown in figure 2-1 
and described in the following paragraphs. There are, however, additional controls and 
indicators that are used for maintenance purposes only. Because these are not for operator 
use, they are not described in this manual. Refer to the CYBER Channel Coupler Hardware 
Maintenance Manual for this information if needed (see preface for publication number). 


POWER-ON INDICATOR | 


This indicator lights when the dc power supplies in the coupler are operating. 


50/60-Hz POWER DISCONNECT SWITCH 


This switch located on the power distribution panel applies 50/60-Hz input power to the 
coupler blower motor when placed in the ON position and removes power from the blower motor 
when placed in the OFF position. 
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Figure 2-1. Coupler Control and Indicator Lacations 


400-Hz POWER DISCONNECT SWITCH/CIRCUIT BREAKER 


This switch/circuit breaker located on the power distribution panel applies 400-Hz input 
power to the coupler power supplies when placed in the ON position and removes this power 


when placed in the OFF position. The integral circuit breaker provides overload protection 
to the power supplies. 
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POWER-ON UNIT A AND B SWITCHES 


These switches, located on the power control panel, are used to apply power in a 
sequentially stepped fashion to two separate equipment chains that may be connected to the 
subsystem. 


OPERATING PROCEDURES 


The following paragraphs explain general operating procedures applicable to the CYBER 
channel coupler. 


POWER APPLICATION 


Power application to the coupler is controlled by the 50/60-HZ and 400-HZ POWER DISCONNECT 
switches located on the power distribution panel at the front of the coupler. Power 
application to the attached subsystem devices is controlled by the POWER ON UNIT A and UNIT 
B switches located on the power control panel of the coupler. During subsystem 
installation, the customer engineer performs the cable routing and switch settings required 
for power sequencing. Thereafter, the operator normally controls the application of 
subsystem power from the power control panel of the coupler. 


MICROCODE AUTOLOADING 


The appropriate microcode, used to control the attached peripheral devices, must be 
autoloaded into the coupler RAM before complete subsystem operation can occur. The 
following functions reside permanently in the coupler processor PROM to enable autoloading 
of the microcode. : 


0414g Autoload coupler microcode from PP 


O6uug Autoload coupler microcode from disk 


These functions are described in detail in the following paragraphs. Note that the 
prescribed autoload procedure depends upon site operating procedures, the operating system 
being used, the computer system configuration, and whether or not the computer system is 
running. Refer to the appropriate operating system installation handbook for Control Data 
recommended procedures. 


Autoload Coupler Microcode from PP (04148) 


This function initiates a microcode autoload from the PP to the coupler. During execution, 
the CYBER channel interface decodes the 0414g function, lights four LEDs located on 

internal PC boards, stops the coupler processor, and causes the FIPS device interface to go 
to an idle loop. The CYBER channel interface then executes its UDI diagnostic. If this 
diagnostic runs successfully, the CYBER channel interface turns off its LED and starts the 
processor executing firmware microcode at PROM address 8000;,. The first code to execute 

is an instruction test. If the instruction test runs without error, the processor turns off 
its LED and then executes a processor/CYBER channel interface interaction test. If the 
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processor/CYBER channel interface interaction test executes without error, a third LED is 
turned off. Following this, the processor instructs the FIPS device interface to execute 
its UDI diagnostic and turn off its LED if successful. If all the preceding diagnostics 
execute without error, a reply is generated for the autoload function. The lower 8 bits of 
each consecutive 12-bit microcode word are then transferred from PP memory to alternate 
upper and lower 8-bit byte positions in coupler RAM beginning at location 0030;¢. This 
method uses two 12-bit PP memory words to load each 16-bit coupler RAM word. The coupler 
remains in autoload mode until the PP disconnects the channel. 


A partial autoload of four or fewer words can be performed to recover from channel timeout 
errors. Program execution is returned to the idle loop following a partial autoload. 


During full autoload, the coupler firmware does a memory test after the eighth word is 
received from the channel. If the test is successful, the firmware completes the autoload. 
After the PP disconnects the channel, the coupler firmware calculates a checksum from the 
microcode data loaded into the coupler RAM. If there is a memory test error or a checksum 
error, the coupler processor stops and the channel is inactivated by the deadman timer. If 
there are no errors, the coupler processor and FIPS interface interaction tests are 
executed. These tests are part of the downloaded microcode. If the interaction tests fail, 
either the equipment switches are set wrong, the microcode number in binary is wrong, or 
general status is set to 5XXX, in which XXX is an octal error code. Refer to the 
appropriate subsystem user’s guide for a listing of applicable error codes. If there are no 
errors, a release is issued to all devices connected to the coupler, the general status is 
set to zero, and the coupler processor goes to an idle loop to wait for additional functions 
from the PP. 


Autoload Coupler Microcode from Disk (O6uu,) 


The microcode must have previously been 
written on the disk in full track mode (1:1 
interlace). 


The autoload coupler microcode from disk function (O6uug) causes the coupler to execute 

the same diagnostics as in a full autoload microcode from PP function (04149). If the 
diagnostics execute without error, the processor firmware checks the coupler hardware 
switches to determine which device to load from. If switches SW1-2, SW1-3, and SW1-4 
located on module AO5 (FR205-A) or AO4 (FR205-B) of the coupler are off, the disk subsystem 
is selected and the device number specified in the function code is positioned to the 
factory map cylinder. When the device is on cylinder, data is read from the disk into 
coupler RAM. 


After the coupler RAM is loaded with microcode data, the coupler firmware calculates a 
checksum and compares it with the correct value. If it doesn’t compare, then either a 
function parity error has occurred, the microcode number is wrong, or the coupler couldn’t 
load from the device. For these cases, an autoload function reply is not returned to the 
PP. If the coupler RAM is successfully loaded, an autoload function reply is returned to 
the PP, the disk device is released, and a jump is made to the coupler PROM idle loop. 
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MICROCODE INITIALIZATION/ DISK PACK INITIALIZATION 


Refer to the applicable subsystem user’s guide listed in the preface of this manual for the 


microcode initialization/disk pack initialization procedures that apply to the attached 
peripheral devices. 
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PROGRAMMING 2 3 


INTRODUCTION 


This section provides information on the CYBER 170/180 peripheral processor programming 
functions applicable to the CYBER channel coupler. For programming information on the 
various microcode packages that may reside in the coupler for control of devices connected 
to the FIPS device interface, refer to the appropriate subsystem user’s guide used with the 
system. Also note that all codes, including function and status codes, described in this 
section are octal unless otherwise specified. 


CYBER CHANNEL INTERFACE FUNCTION TYPES 


The CYBER channel interface performs six different function types under the direction of the 
processor and seven diagnostic functions without processor direction. After replying to a 
function from the peripheral processor (PP), the CYBER channel interface decodes three bits 
as the operation code (op code) from RAM location 0020), to determine the function type to 
be performed. The bit decode for the function type is described in detail under the op code 
paragraph contained later in this section. The six different function types are the 
following: 

e Direct memory access (DMA) write 

e Direct memory access (DMA) read 

e Universal device interface (UDI) write 

e Universal device interface (UDI) read 

e Microcode autoload 

e Function only 
Listed below are the seven diagnostic functions. 

e Load address and length 

e Read 

e Write 

e Status 

e Stop 


e Go 


® Master clear 
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DIRECT MEMORY ACCESS (DMA) WRITE FUNCTION: 


Data received from the PP by the CYBER channel interface is assembled on the data bus and 
sent to RAM memory under hardware control. The CYBER channel interface generates a Valid 
Memory Address signal to indicate that a data word is ready to be written into memory. The 
address for all DMA data transfers is controlled elsewhere by the transfer logic described 
later in this section. Data continues to be assembled and written into memory until the 
channel or processor terminates the operation. Data cannot be written into memory if the 
buffer becomes full as indicated by the transfer logic. Also, if a short write is indicated 
by the processor, the number of characters written during 7-track assembly/disassembly mode 
is 2N+1, and the number during 9-track assembly/disassembly mode is 3N+2. The letter N is 
any integer. If an odd number of 8-bit bytes are sent to memory in 16-bit mode, an Odd Byte 
signal is sent to the FIPS device interface to prevent the last lower 8-bit byte from being 
sent to the peripheral device. 


There are four types of data assembly applicable to the DMA write function. Typical 
applications for these types of data assembly are as follows: 


e /7-track tape in 8-bit assembly mode (figure 3-1) 
e 7-track tape in 16-bit assembly mode (figure 3-2) 
e 9-track tape and disk in 8-bit assembly mode (figure 3-3) 


e 9-track tape and disk in 16-bit assembly mode (figure 3-4) 


Although not shown in detail in the following 
figures, when in 8-bit mode, the byte 

written into the upper half of the 16-bit 
memory word is also written into the lower 
half. 
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16-BIT COUPLER MEMORY WORDS 


| 


Figure 3-l. /-Track Tape in 8-Bit Assembly Mode 


16-BIT COUPLER 
MEMORY WORD 


Figure 3-2. /-Track Tape in 16-Bit Assembly Mode 
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16-BIT COUPLER MEMORY WORDS 


Figure 3-3. 9-Track Tape and Disk in 8-Bit Assembly Mode 
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12-BIT 
CHANNEL 16-BIT COUPLER MEMORY WORDS 
WORDS 


BIT 11 


Figure 3-4. 9-Track Tape and Disk in 16~-Bit Assembly Mode 
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DIRECT MEMORY ACCESS (DMA) READ FUNCTION 


Data read from memory during a DMA read function is disassembled in the CYBER channel 
interface and sent to the PP under hardware control. The CYBER channel interface generates 
a Valid Memory Address signal to read each word from memory. Memory continues to be read 
and data is transferred until all the data is sent, in which case, the CYBER channel 
interface then disconnects the channel. The operation may be terminated early by the 
channel or the processor. Data cannot be read from memory if the memory buffer area becomes 
empty as indicated by the transfer logic. Data transfer pauses for 10 + 1.0 us after each 
320 12-bit word block of tape data is sent to the channel. The address for all DMA data 
transfers is controlled by the transfer logic. The FIPS interface logic supplies an odd 
byte signal in 16-bit mode if an odd number of 8-bit bytes are to be disassembled from 
memory. If reverse read is set in the processor control register, each byte of data read 
from memory is assembled in the reverse order. 


There are eight types of data disassembly applicable to the DMA read function. Typical 
applications for these types of data assembly are as follows: 


e 7-track tape in 8-bit disassembly mode (figure 3-5) 

r 7-track tape in 16-bit disassembly mode (figure 36) 

e 9-track tape and disk in 8-bit disassembly mode (figure 3-7) 

e 9-track tape and disk in 16-bit disassembly mode (figure 3-8) 

e Reverse read 7-track tape in 8-bit disassembly nade (figure 3-9) 

e Reverse read 7-track tape in 16-bit disassembly mode (figure 3-10) 

e Reverse read 9-track tape and disk in 8-bit disassembly mode (figure 3-11) 


e Reverse read 9-track tape and disk in 16-bit disassembly mode (figure 3-12) 
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16-BIT COUPLER MEMORY WORDS 


Figure 3-5. 7-Track Tape in 8~Bit Disassembly Mode 


16-BIT COUPLER 
MEMORY WORD 


12-BIT 
CHANNEL 
WORD 


BIT 11 


Figure 3-6. /7/-Track Tape in 16-Bit Disassembly Mode 
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16-BIT COUPLER MEMORY WORDS 


Figure 3-7. 9-Track Tape and Disk in 8-Bit Disassembly Mode 
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16-B!1T COUPLER MEMORY WORDS 


Figure 3-8. 9-Track Tape and Disk in 16-Bit Disassembly Mode 
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16-BIT COUPLER MEMORY WORDS 


Figure 3-9. Reverse Read 7-Track Tape in 8-Bit Disassembly Mode 


16-BIT COUPLER 
MEMORY WORD 


12-BIT 
CHANNEL 
WORD 


BIT 11 


Figure 3-10. Reverse Read 7-Track Tape in 16-Bit Disassembly Mode 
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16-BIT COUPLER MEMORY WORDS 


BIT 0 BIT 0 


Figure 3-11. Reverse Read 9-Track Tape and Disk in 8-Bit Disassembly Mode 
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12-BIT 
CHANNEL 16-BIT COUPLER MEMORY WORDS 
WORDS 


BIT 11 


Figure 3-12. Reverse Read 9-Track Tape and Disk in 16-Bit Disassembly Mode 
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UNIVERSAL DEVICE INTERFACE (UDI) WRITE FUNCTION 


During a UDI write function, both data and address are under microcode control via the CYBER 
channel interface. An address and length provided by the processor is loaded into the 
address and length registers in the CYBER channel interface. Data is then written into 
memory until the channel terminates the operation. If the channel goes inactive before the 
length register decrements to zero, the CYBER channel interface sends both a Normal End and 
a Transfer Indicator status signal to the processor. If the length register has decremented 
to zero and the channel goes inactive, the CYBER channel interface sends only a Normal End 
status signal to the processor. If the channel sends more data than indicated by the length 
register, the CYBER channel interface continues to accept data from the channel but does not 
store any more data in memory than is indicated by the length register. When the channel 
goes inactive, the CYBER channel interface sends a Transfer Indicator status signal to the 
processor without the Normal End signal. 


The data assembly for a UDI write function is shown in figure 3-13. 


16-BIT COUPLER 
MEMORY WORD 


BIT 0 


BIT 3 


BIT 4 


Figure 3-13. UDI Write Data Assembly 
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UNIVERSAL DEVICE INTERFACE (UDI) READ FUNCTION 


During a UDI read function, both data and address are under microcode control via the CYBER 
channel interface. An address and length provided by the processor is loaded into the 
address and length registers in the CYBER channel interface. Data is read from memory until 
the length register decrements to zero, at which time the CYBER channel interface 
disconnects the channel and sends a Normal End status to the processor. If the channel goes 
inactive before the length register decrements to zero, the CYBER channel interface sends 
Normal End and Transfer Indicator status signals to the processor. If a memory parity error 
is sensed on the data to be sent to the channel, the CYBER channel interface disconnects the 
channel early and sets Memory PE in location 0024)¢ of memory. The data disassembly for a 
12-bit UDI read function is shown in figure 3-14. The data disassembly for a 16-bit UDI 
read function is shown in figure 3-15. 


16-BIT COUPLER 
MEMORY WORD 


12-BIT BIT 0 
CHANNEL 
WORD 


BIT 11 


Figure 3-14. 12-Bit UDI Read Data Disassembly 
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16-BIT COUPLER MEMORY WORDS 


Figure 3-15. 16-Bit UDI Read Data Disassembly 
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MICROCODE AUTOLOAD FUNCTION 


The microcode in the CYBER channel interface decodes the microcode autoload function (either 
an autoload from the peripheral device or an autoload from the PP). Upon decoding the 
function, the CYBER channel interface issues a BUS MC, which lights all four internal 
diagnostic LEDs,? stops the processor, and causes the interface to enter an idle loop. The 
CYBER channel interface then sends the microcode autoload function code to memory location 
0023)6, with bit 0 (function present) also set, and sends the coupler identification data 

to memory location 0025)6 (refer to the control package definition paragraph for 
description of these memory locations). The CYBER channel interface then performs an 
internal diagnostic and turns off its LED-6 if successful (bottom LED on logic module A05 
for FR205-A or AO4 FR205-B). The CYBER channel interface then starts the processor running 
its internal diagnostic. After successful completion of the processor diagnostic, the LED 
on module Al3 (FR205-A) or AO7 (FR205-B) is turned off. The CYBER channel interface and 
processor then run an interaction diagnostic. If successful, the processor instructs the 
CYBER channel interface to turn off the interaction diagnostic LED (upper LED on logic 
module Al8 FR205-A or Al2 FR205-B). A processor and FIPS interface interaction diagnostic 
is run next. When this test has successfully completed, their associated LEDs are turned 
off, and the processor directs the CYBER channel interface to reply to the microcode 
autoload function. If the microcode is to be loaded via the peripheral device, the 
processor presents a function only command to the CYBER channel interface. If the microcode 
is to be loaded via the PP, the processor sends a microcode autoload function command to the 
CYBER channel interface and the CYBER channel interface initiates a routine similar to that 
described for the UDI write function. The difference is that when the length decrements to 
zero, the CYBER channel interface stops assembling data and sends a Transfer Indicator 
signal to the processor. If the processor wishes to disconnect the channel at this time, it 
sets op code altered with the data disconnect bit set in the op code. If the processor 
wishes to continue, it sets op code altered with the microcode autoload to continue bit set 
in the op code. The CYBER channel interface then loads a new address and length and 
continues. The previous length count must always be an even number for microcode autoload 
to continue to work properly. Data assembly for the microcode autoload function is as shown 


in figure 3-16. 


Modules with LED indicators are located in the logic chassis of the various couplers as 


follows: 
Module FR205-A FV720-A FR205-B FV720-B 
CYBER Status A05 BOS AO4 A18 
Memory Al3 B13 AOQ7 A21 
FIPS 3 Al8 B18 Al2 A26 


TLED-2 and 6 on module AO5 (FR205-A) or AO4 (FR205-B), LED on module Al3 (FR205~-A) or AO7 
(FR205-B), and upper LED on module Al18 (FR205-A) or Al2 (FR205-B). 
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16-BIT COUPLER 
MEMORY WORD 


Figure 3-16. Microcode Autoload Data Assembly 


FUNCTION-ONLY FUNCTION 


A data transfer is not required for the function-only function. Following the response to 
this function, the microcode returns to the idle loop. 


DIAGNOSTIC FUNCTIONS 


The following diagnostic functions are decoded via the CYBER channel interface independent 
of the processor. 
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X5XX Load Address and Length Function 


The X5XX load address and length function allows the PP to activate the channel and output 
up to two words of data. The lower four bits of the function code (XX) are used as the 
upper most significant four bits in the address register. The first word received from the 
channel is used to complete the loading of the address register. The second word received 
from the channel is loaded into the length register with the upper four bits of the 16-bit - 
register zero filled. No response is made to any further words received from the channel 
resulting in possible channel hangs if attempted. This function also clears status register 
file l. 


X701 Read Function 


The X701 read function allows the PP to activate the channel and input length times two 
words. The upper 8 bits of the word referenced by the address register are transferred 
first with the upper 4 bits of the 12-bit channel word zero filled. The lower 8 bits of the 
data referenced by the address register are then transmitted in the same manner as the 
first. The address is incremented, the length is decremented, and the process continues. 
The CYBER channel interface inactivates the channel when length equals zero. The PP may 
terminate the operation early if so desired. The address and length must be loaded prior to 
any X701 read function for data to be valid. Memory parity error is checked at the end of 
the transfer and logged as status in register file l. 


: X702 Write Function 


The X702 write function allows the PP to activate the channel and output as many words as 
desired. Only the address needs to be loaded via the X5XX load address and length function 
as the length register is ignored. The lower 8 bits of the first word received are loaded 
into the upper 8 bits of a holding register. The lower 8 bits of the second word received 
are loaded into the lower 8 bits of the holding register. The content of the holding 
register is then transmitted to memory. The transfer is terminated by an inactive from the 
' channel. The address must be loaded prior to every X/02 write function received to ensure 
that data is written in the correct memory location. If an odd number of words is received 
from the channel, the lower 8 bits of the last word sent to memory are zero filled. 


X704 Status Function 


This function allows the PP to activate the channel and input one word of status (register 
file 1). The CYBER channel interface inactivates the channel after sending the status 
word. The status bits are as follows: 


e Bit 11 = #£=Normal end 

® Bit 10 = Channel parity error 

e Bit 9 = Memory parity error 

e Bit 8 = Deadman timeout 

e Bit 7 = Control package parity error 
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Bit 


Bit 


Bit 


Bit 


Bit 


Bit 


Bit 


0 


Transfer indicator 
Character fill 
(Not used) 

Length equals zero 
DMA complete 
Processor running 


Processor abnormal 


Bits 5 through 11 reflect the last status sent to memory location 0024)¢ following an 
operation that involved the processor. 
A load address and length function (X5XX) clears bits 5 through 11 

leaving only bits 8 through 10 valid for diagnostic functions. Bits 0 through 3 are status 
bits that reflect the state of the logic at the time the status function is received. The 
bit descriptions are as follows: 


Description heading. 


Bit O -— Processor abnormal. 


parity error). 


Bit 1 - Processor running. 
Bit 2 - DMA complete. 


Bit 3 - Length equals zero. 


X710 Stop Function 


For a description of these bits, refer to Status 


The processor has stopped (i.e., processor memory 


The processor is running. 
The last DMA operation has been completed. 


The length register equals zero. 


This function causes the processor to stop. 


X720 Go Function 


This function causes the processor to go (start). LED-1l will light on A09, when the 


processor is running. 


X740 Master Clear Function 


LED-2 will light on AO9, if the processor detects a parity error. 


This function master clears the processor and FIPS interface logic. 
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CYBER CHANNEL INTERFACE CONTROL PACKAGE 
The control package provides communication between the CYBER channel interface and the 
processor. It consists of six 16-bit words contained in memory locations 0020)6 through 


00251¢6- These are defined in the following paragraphs. 


Words written into memory locations by the processor are as follows: 


e 002016 op code 
e 002116 address 
e 002216 length 


Words written into memory locations by the CYBER channel interface are as follows: 


e 002316 function 

e 0024146 status 

e 002516 coupler identification 
OP CODE 


The op code contained in location 0020,6 is operated on by the CYBER channel interface 
whenever the processor writes into location C000)¢6 and the data read from location 
0020)6 has good parity. A write to location C000)6 by the processor sets a flip-flop 
called op code altered. This indicates to the CYBER channel interface that the processor 
has an operation to be performed as specified by contents of memory location 0020;¢. If 
parity is not correct, bit 12 of the status word at location 0024)¢ is set and the CYBER 


channel interface does not perform any functions. The bit significance of the op code word 
is shown in figure 3-17. 
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8 9 10 11 12 13 14 15 


| LL 
FUNCTION ' MICROCODE AUTOLOAD CONTINUE 


RECOUE NOT USED 
DATA DISCONNECT (DCN) 
FUNCTION DCN 
REVERSE READ 
DISABLE PAUSE 
PAUSE = 322 


CYBER CHANNEL INTERFACE/PROCESSOR INTERACTION LED OFF 
16-BIT MODE 
7 TRACK 
SHORT WRITE 


LOAD PROCESSOR CONTROL REGISTER 
SYNC BIT 


Figure 3-17. Control Package Op Code Bit Format 


Sync Bit—Bit O ~ 


The sync bit is wired to a test point and used for checkout purposes only. 


Load Processor Control Register—Bit 1 
This bit instructs the CYBER channel interface to strobe bits 2 through 8 of the op code 


into the processor control register. The load processor control register bit and function 
disconnect (DCN) bit may be present at the same time. 


Short Write—Bit 2 
The short write bit causes the number of characters written during 7-track 


assembly/disassembly mode to be 2N+l and the number to be 3N+2 during 9-track 
assembly/disassembly mode. The letter N is any integer. 


7 Track—Bit 3 
This bit causes DMA write and DMA read operations to use the 7-track tape data 


assembly/disassembly format. The absence of this bit results in the use of the 9-track tape 
and disk assembly/disassembly format. 
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16-Bit Mode—Bit 4 
This bit causes DMA write, DMA read, and UDI read operations to assemble and disassemble 


data in 16-bit mode. The absence of this bit results in data being assembled and 
disassembled in 8-bit mode, (12-bit mode in UDI read operation). 


CYBER Channel Interface/Processor Interaction LED Off—Bit 5 


This bit turns the interaction diagnostic LED off. 


Pause = 322—Bit 6 

The pause circuit is enabled during a read operation causing the CYBER channel interface 
logic to send an inactive signal after 322 words are transferred between the PP channel and 
the CYBER channel interface. The absence of this bit causes a 10 ms pause to occur after 
320 words are transferred. This bit is present only during DMA read operations from the 


disk to inform the microcode to disconnect the channel. The channel interface logic clears 
the pause circuit when it transmits an Inactive signal to the channel. 


Disable Pause—Bit 7 


This bit disables the pause circuit. 


Reverse Read—Bit 8 


This bit causes the DMA read data to be assembled in reverse order. 


Function DCN—Bit 9 


This bit causes the CYBER channel interface to reply to the function and set or clear 
internal logic based on the function decode. This bit and the load processor control 
register bit may be present at the same time. 


Function Decode—Bits 10 Through 12 


Bits 10, ll, and 12 are decoded to specify functions as follows: 


Bit 10 11 12 Function 
0 0 0 DMA write 
0 0 1 DMA read 
0 1 0 UDI write 
0 1 1 UDI read 
1 0 0 CW autoload 
1 0 1 Function only 
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Data Disconnect (DCN)—Bit 13 


The data disconnect (DCN) bit causes the CYBER channel interface to terminate any DMA write 
or read operation and send an Inactive signal to the channel. This bit is also used as a 
response to the Transfer Indicator signal during a microcode autoload function to cause the 
CYBER channel interface to send an Inactive to the channel. Appropriate channel protection 
is provided in the microcode to prevent Inactive signals from going both ways on the channel 
at the same time. The data DCN bit must not be used for UDI write or UDI read operations. 
When this bit is set, bits 9 and 15 in the op code must be clear. 


Any op code altered condition during a DMA 
operation is assumed by the CYBER channel 
interface to be a data DCN as no other bits 
are valid during the DMA operation. 


Bit 14 


Bit 14 is not used. 


Microcode! Autoload Continue—Bit 15 


This bit causes the CYBER channel interface to load a new address and length into the 
address and length registers of its UDI. The bit indicates that the processor is continuing 
with the microcode autoload function. When bit 15 is set, bits 9 and 13 in the op code must 
be clear. 


ADDRESS 
The address for the address information is 002116. These 16 bits are used to load the 


address register on the UDI board at the start of a UDI write, UDI read, microcode autoload, 
or microcode autoload continue operation. 


LENGTH 
The address for the length information is 0022;¢. These 16 bits are used to load the 


length register on the UDI board at the start of a UDI write, UDI read, microcode autoload, 
or microcode autoload continue operation. 


FUNCTION 


The address for the function information is 0023)¢. All undefined bits are zeros. The 
format for the function word is shown in figure 3-18. The following paragraphs describe 
their use. 


60459170 D . 3-23 


8 9 10 11 12 13 14 15 


NOT FUNCTION CODE 
USED 


FUNCTION PRESENT 


Figure 3-18. Function Word Format (Control Package) 


Function Present—Bit O 


This bit indicates that a function code is present in bits 4 through 15 for the processor to 
decode and act upon. 


Bits 1 Through 3 


These bits are not used. 


Function Code—Bits 4 Through 15 


Bits 4 through 15 contain the function code. These bits correspond to channel bits 11 


through O respectively. That is, bit 15 of the function word and channel bit O are the 
least significant bits. 
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STATUS 


The address for the status information is 0024,¢. All undefined bits are zeros. The 
format for the status word is as shown in figure 3-19 and the bit definitions are described 
in the following paragraphs. 


0 1 2t3tt 4 5 6 7 8 9 01 12 13 14 15 


OE | 
NOT USED | NOT USED 
CHARACTER FILL 


TRANSFER INDICATOR 
CONTROL PACKAGE PE 


DEADMAN TIMEOUT 


t INTERACTION QL TEST COMPLETE MEMORY PE 
tt CYBER QL TEST COMPLETE 


CHANNEL PE 
NORMAL END 


Figure 3-19. Status Word Format (Control Package) 


Bits O Through 7 


These bits are not used. 


Normal End—Bit 8 
The normal-end bit informs the processor that the CYBER channel interface has completed the 


current data operation without any errors (no channel PE, memory PE, deadman timeout, or 
control package PE). 


Channel PE—Bit 9 
This bit informs the processor that the CYBER channel interface has completed a write 


operation and has detected a channel parity error. The normal-end status bit is not set if 
this condition occurs. 


Memory PE—Bit 10 
This bit tells the processor that the CYBER channel interface has completed a read operation 


and has detected a memory parity error. The normal-end status bit is not set if this 
condition occurs. 
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Deadman Timeout—Bit 11 


This bit informs the processor that a deadman timeout occurred. LED-4 on the AO5 (FR205-A) 
or AO4 (FR205-B) logic module lights when this condition occurs and is turned off when the 
next function code or op code altered bit is received. The normal-end status bit is not set 
if this condition occurs. 


Control Package PE—Bit 12 


This bit tells the processor that a memory parity error was detected while trying to read 


from memory locations 002036, 002116, or 002216. The normal-end status bit is not set 
if this condition occurs. The lower LED on the Al8 (FR205-A) or Al2 (FR205-B) logic module 


lights when this error occurs and is cleared when the next function or op code altered is 
received. 


Transfer Indicator—Bit 13 


When this bit is present along with the normal-end bit, it indicates that the channel went 
inactive before the length register decremented to zero during a UDI write, UDI read, or 
microcode autoload operation, or that the channel went inactive before reading all the data 
during a DMA read operation. The presence of a transfer indicator bit without a normal-end 
bit indicates that the length register decremented to zero during a microcode autoload and 
the channel is still active or that the length register went to zero during a UDI write and 
the channel continued to send data. 


Character Fill—Bit 14 


This bit is. used during tape read operations. When this bit is present along with a 
normal-end bit, it indicates the following: 


e The lower six or eight bits of the final data word returned to the PP during a tape 
read operation contain fill bits; or 


e The upper six or eight bits of the final data word returned to the PP during a 
reverse tape read operation contain fill bits. 


This gives the character an undefined value. If only the lower four bits of the final data 


word are fill bits (upper four bits for reverse read), the character fill bit does not set. 


If this bit is present during a disk read operation, it indicates that not all words were 
received from the disk. 


Bit 15 


This bit is not used. 
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COUPLER IDENTIFICATION 


The memory address for the coupler identification information is 002516. This information 
is written following an escape caused by either a power-on application, pushbutton master 
clear, or channel master clear and also before execution of the CYBER channel interface 
diagnostics. The format for the coupler identification word is as shown in figure 3-20 and 
the bit definitions are described in the following paragraphs. 


6 7 8 9 10 11 12 13 14 15 


i ID NUMBER 
SW1-8 REPEAT FIPS LOOPBACK TEST 


SW1-7 ENABLE FIPS LOOPBACK TEST 
SW1-6 SPARE 


SW1-5 NOT LOOP ON DIAGNOSTIC 
SW1-4 EQUIPMENT TYPE 
SW1-3 EQUIPMENT TYPE 
SW1-2 EQUIPMENT TYPE 
SW1-1 PARITY ENABLED 


Figure 3-20. Coupler Identification Word Format (Control Package) 


SW1-1 Parity Enabled—Bit 0 


Bit 0 is set when the SWl-1 switch on logic module AO5 (FR205-A) or AOQ4 (FR205-B) is in the 
OFF position. This indicates that the CYBER channel interface checks for odd parity on all 
data and functions received from the channel. Bit 0 is cleared when SW1-l is in the ON 
position and indicates that parity is disabled (not checked). 


SW1-2, SW1-3, SW1-4 Equipment Type—Bits 1 Through 3 


These three switches on logic module AO5 (FR205-A) or AO4 (FR205-B) are used to define the 
equipment type that is connected to the coupler. A switch in the OFF position indicates a 
set (logical 1) bit. Current equipment types defined for the various bit combinations 
derived from the switch settings are as follows: 


SWi-2 SW1-3 SWI-4 


1 1 1 Disk (3330/3350) 

1 1 0 Tape STC 3800/4600 
1 0 1 Disk (895) 

1 0 0 NIP Printer (5870) 
0 1 1 MASSTOR (7990) 

0 1 0 Tape (698) 

0 0 1 Undefined 

0 0 0 Undefined 
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SW1-5 Not Loop On Diagnostic—Bit 4 


Bit 4 is set when switch SW1-5 on logic module AQ5 (FR205—A) or AO4 (FR205-B) is in the OFF 
position. This specifies that the CYBER channel interface will not loop on its diagnostic 
routine. If SW1-5 is in the ON position, the CYBER channel interface loops on its 
diagnostic and never reaches the idle routine. The ON position is used for checkout 
purposes only. 


SW1-7 Enable FIPS Loopback Test—Bit 6 


Bit 6 is set when switch SWI-7 on logic module AO5 (FR205-A) or AO4 (FR205-B) is in the OFF 
position. If SWl-7 is in the ON position, the FIPS Quicklook test adds a loop back test at 
the end of its quicklook test. The loop back connector plugs must be installed on the FIP 
cable connectors. This switch is used for checkout only. 


SW1-8 Repeat FIPS Loopback Test—Bit 7 


Bit 7 is set when switch SW1-8 on logic module AO5 (FR205-A) or AO4 (FR205-B) is in the OFF 
position. If SWl-8 is in the ON position, the loop back test is repeated. This switch is 
used for checkout only. 


ID Number—Bits 8 Through 15 


Bits 8 through 15 are the ID numbers for the CYBER channel coupler. The ID number can be 
wired on the logic backpanel. 


CYBER CHANNEL INTERFACE ESCAPE LOGIC 


Circuits in the UDI logic of the CYBER channel interface allow operations to escape 
(microcode returns to location zero) following a power-on master clear, channel master 
clear, pushbutton master clear, microcode master clear, and deadman timeout. 


BUS (POWER-ON) MASTER CLEAR 


The following sequence occurs when the CYBER channel interface detects a bus master clear 
due to power-on application: 


1. UDI microcode in the CYBER channel interface escape. 


2. The CYBER channel interface issues a bus master clear, which lights all four 
diagnostic LEDs, stops the processor, and causes the FIPS microcode to escape. 


3. The CYBER channel interface clears locations 0020)¢ through 002716 and sends the 
control package coupler identification word to location 0025j¢. 


4. The CYBER channel interface executes its diagnostic and, if it runs successfully, it 
turns off LED-6 on logic module AO5 (FR205-A) or AO4 (FR205-B). 


5. The CYBER channel interface causes the processor to run its diagnostic and, if it is 
successful, the processor turns off the processor diagnostic LED. located on logic 
module Al3 (FR205-A) or AO7 (FR205-B). 
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6. The processor and CYBER channel interface run an interaction diagnostic and, if it 


runs successfully, the interaction diagnostic LED is turned off (LED-2 on logic 
module AO5 for FR205-A or AO4 FR205-B). i 


7. The processor and FIPS interface run an interaction diagnostic and, if it runs 
successfully, the upper LED on logic module Al8 (FR205-A) or Al2 (FR205-B) is turned i 
off. 


CHANNEL MASTER CLEAR 


The exact same sequence as that described for a bus (power-on) master clear is performed for 
a channel. master clear. 


PUSHBUTTON MASTER CLEAR 


The exact same sequence as that described for a bus (power-on) master clear is performed for 
a pushbutton master clear. 


MICROCODE MASTER CLEAR 
A microcode master clear is initiated when the processor writes into location CO0216. 


This causes the CYBER channel interface to escape to the idle loop and clears the logic 
circuits that are under microcode control. No diagnostics are executed. 


DEADMAN TIMEOUT 


A deadman timeout is enabled for any read or write function that monitors the channel for a 

hung condition. When it detects that an active channel has not transferred a word for the 

last 7.0 to 10.0 seconds, the CYBER channel interface deactivates the channel, informs the . 
processor of the condition, and lights LED-4 on logic module AO5 (FR205-A) or AO4 Hl 
(FR205-B). The LED is cleared upon receipt of a new function or altered op code. 


CYBER CHANNEL INTERFACE UDI 


The universal device interface (UDI) module used in the CYBER channel interface performs the 
following logic functions under microcode control: 


@ Tests bit and control conditions 

© Assembles and disassembles data 

e Sets and clears bits of a word 

r Clocks register and control flip-flops 

e Sets and clears addressable latches for control setup and response 


Figure 3-21 shows a block diagram of the UDI and its associated data and control registers. 
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The UDI uses an 8X02 integrated circuit sequencer, 2048 words of 24-bit PROM, and an 
internal tristate bus (I bus) for gating selected registers or conditions to a selected 
destination. The UDI module also contains an assembly/disassembly register, a shift network 
a l6o-word file register, a decrementing length register, an incrementing address register 
with tristate outputs, and various control elements. The registers are 16 bits in length. 
The instruction cycle time is 160 ns. 


? 


ET 


BUS OUT ? (6) | | 


SHIFT 
LOGIC 


DEVICE 
CHANNEL 


TEST 
INPUTS 


s) 
QP 
= 
> 


REG (16) 


DATA AND 
L_ CONTROL REGISTERS 


ADDRESS 


UDI MODULE 


rc 


Figure 3-21. UDI Block Diagram 


8X02 CONTROL SEQUENCER 


The 8X02 integrated circuit sequencer is an address modifier for sequencing micro- 
instructions in the UDI. The address output of the 8X02 selects a PROM address. The data 
from the selected PROM address forms the current microinstruction. The address control 
functions of the sequencer are listed in table 3-l. 
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Table 3-1. Address Control Functions of Sequencer 


Function 


Function 
Mnemonic 
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Function 
Description 


Test and skip 


Increment 


Branch to 
loop if test 
result true 


POP stack 


Branch sub- 
routine if 

test result 
true 


“Pash for 


looping 


Branch if 
test result 
true ° 


Set micro- 
program 


address output 


to zero 


(7) yO") 


Next 
Address 


Current 
plus l 


Current 
plus 2 


Current 
plus 1 


Current 
plus l 


Stack 
register 
file 


Stack 
register 
file 


Current 
plus l 


Branch 


address 


Current 
plus 1 


Current 
plus 1 


Branch 
Address 


All 
zeros 


Mem 
Stack 
Address 


No change 


No change 


No change 


POP 
(read) 


POP 
(read) 


No change 


PUSH 
(current 
plus 1) 
PUSH 
(current 


adrs) 


No change 


No change 


No change 


Mem 
Stack 
Pointer 
No change 
No change 
No change 


Decrease 


Decrease 


Decrease 


No change 


Increase 


Increase 


No change 


No change 


No change 
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UDI MICROINSTRUCTIONS 


The CYBER channel interface UDI has three types of microinstructions. These are defined as 
test, assembly/disassembly, and auxiliary instructions. 


Test Instruction 


The format of the CYBER channel interface UDI test instruction is shown in figure 3-22. The 
test instruction is used for branch control by testing bits or control conditions and 
altering the microinstruction execution sequence. Bit definitions for the test instruction 
are described in the following paragraphs. 


8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


1 BUS TEST REGISTER 
USAGE BIT SEL FILE 
ADDRESS 
TEST DEVICE 
TRUE/FALSE DEFINED BRANCH ADDRESS 
SEQUENCER FUNCTION CODE TEST HISTORY 


Figure 3-22. Test Instruction Format 


Sequencer Function Code - Bits O Through 2 


These three bits select the function code of the 8X02 sequencer. Only the following even 
function codes are used with the test instruction: 


Bit 


}o 


Test and skip (TSK) 

Branch to loop if test result true (BLT) 
Branch to subroutine if test result true (BSR) 
Branch if test result true (BRT) 


— eH CO © 
- Or © 
ooo o 
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Test Specified Bit for True or False - Bit 3 


The state of bit 3 (set or clear) enables a true or false check of the test bit (one of 16 
I-bus bits) specified by bits 9 through 12. 


e When bit 3 is set and the test bit is set, a branch is made according to the true 
condition of the test result shown in table 3-1. 


e When bit 3 is clear and the test bit is clear, a branch is also made according to 
the true condition of the test result shown in table 3-l. 


e If only one bit is set, an exit is made to the current address plus one (false 
condition in table 3-1). 


I-Bus Usage - Bits 4 Through 7 


Bits 4 through 7 provide a code that selects which register is gated onto the I bus. The 
decode for these bits is as follows: 


Bits 5 through 7: 


Bit 5 6 7 

0 0 O Control Flag Register 

0 0 1 Data Bus Receive Register 

0 1 0 Device Receive Register 

Oo 1 1 PROM Data (bits 16 through 23 to I bus bits 8 through 15) 

1 0 0O Assembly/Disassembly Register 

1 oO 1 Not Used 

1 1 0O Enable Address or Length Count Register 

| es eae | Register File (1 of 16, selected by bits 20 through 23) 
Bit 4: 


If address or length count register is selected, do the following: 
e Select address register if bit 4 = l. 
ry Select length count register if bit 4 = 0. 


If PROM data is selected, do the following: 


ut 
— 
e 


e Set I-bus bits 0 through 7 to zero if bit 4 


i 
j=) 
es 


e Set I-bus bits O through 7 to ones if bit 4 


Device Defined Bit -— Bit 8 


This is a PROM bit that is sent directly from the PROM output to a backpanel pin on the UDI 
module. The use of this bit is defined by each device interface. 
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Test Bit Select - Bits 9 Through 12 


These four bits select which bit of the 16 I-bus bits is to be used for testing. Decodes of 
00005 through 11112 select I-bus bits O through 15, respectively. 


Test History - Bit 13 


The state of the test input line to the 8X02 sequencer is latched at the end of each test 
instruction. In order to use the test history bit, a second test instruction with bit 13 = 
1 must follow the first test instruction which selects the needed I-bus bit from the test 
multiplexer. 


Branch Address — Bits 14 Through 23 


These bits select the branch address if a branch is executed. The branch address is used 
only with the BSR (branch to subroutine if test result true) and BRT (branch if test result 
true) sequencer function codes. 


Register File Address - Bits 20 Through 23 


These four bits are used only with the TSK (test and skip) and BLT (branch to loop if test 
result true) sequencer function codes to select one of 16 register files. The I-bus usage 
bits are used to select the register file address. 


Assembly/Disassembly Instruction 


The format of the CYBER channel interface UDI assembly/disassembly instruction is shown in 
figure 3-23. This instruction is used for assembly, disassembly, and data transfer 
operations as described in the following paragraphs. 


7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
ete ee ee ce rr ae” 


ASSY/ REGISTER 
DISASSY FILE 

REGISTER ADDRESS 

CLOCK 


OR 
MISCELLANEOUS 


SUBCODE eos 


SEQUENCER 
FUNCTION 


CODE . SHIFT SELECT 
REGISTER CLOCK 


NOT USED (AUXILIARY SELECT CODE) 


DEVICE DEFINED 


Figure 3-23. Assembly/Disassembly Instruction Format 
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Sequencer Function Code - Bits 0 Through 2 


These three bits select the function code of the 8X02 sequencer. Only the following odd 
function codes are used with the assembly/disassembly instruction: 


Bit 


jo 
Jn 


2 


Increment (INC) 

Pop Stack (POP) 

Push for Looping (PLP) 

Set Microprogram Address to Zero (RST) 


eee OO 
re oOoroe 
etl eel ell ool 


Subcode - Bit 3 


This bit is held at a logic "1" level for this instruction. 


I-Bus Usage - Bits 4 Through 7 


These bits are used the same for all UDI instructions. See test instruction for definition. 


Device Defined - Bit 8 


This bit is used the same for all UDI instructions. See test instruction for definition. 


Register Clock - Bits 9 Through 11 


These bits provide for the selective clocking (data transfer) of registers from the I bus. 
The bits are decoded as follows: 


Bit 9 10 11 
0 0 O No Operation 
0 0 1 Data Bus Transmit (T) Register 
0 1 0 Device Transmit (Xl) Register 
0 1 i Processor Control Register 
1 0 0 Assembly/Disassembly Register 
1 01 Address Counter Register 
1 1 O Length Counter Register 
1 141 Register File Write (1 of 16) 
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Shift Select - Bits 12 and 13 


These two bits determine the shift count of data clocked into either the 


assembly/disassembly register, address counter, length counter, or register file from the I 
They decode to effect an end-around left shift as follows: 


bus. 


Bit 


— 
—-K COO id 
—y 
=H Or © Ww 


No shift 

Left shift 4 places 
Left shift 8 places 
Left shift 12 places 


Auxiliary Select Code - Bits 14 and 15 


These bits are not used with the assembly/disassembly instruction. 


Assembly/Disassembly Register Clock - Bits 16 Through 19 


These bits, when set, are used to individually clock 4-bit parcels of the 


assembly/disassembly register as follows: 


Bit 
Bit 
Bit 
Bit 


16 
17 
18 
19 


- Clock bits 0 - 3 (MSB) 


Clock bits 4 - 7 
Clock bits 8 - ll 
Clock bits 12 - 15 (LSB) 


Register File Address or Miscellaneous Clock - Bits 20 Through 23 


If the decode of the register clock bits is 4 through 7 or the decode of the I-bus usage 
This field becomes the file address 
whenever the register file is 7 in the register clock field or in the I-bus usage field. 


bits is 7, the miscellaneous clock is suppressed. 


These four bits provide for clocking the miscellaneous control circuits in high-speed data 


transfer loops. The bits are decoded into two separate 2-bit groups as follows: 
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Bit 


Bit 


No Operation 
Increment the Address Counter 
Decrement the Length Counter 


Increment the Address Counter and Decrement the Length 


Counter 


No Operation 


Clear the Device Receive Register Full Flag Flip-Flop 
Clear the Data Bus Receive Register Full Flag Flip-Flop 


Not Used 
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Auxiliary Instruction 


The format of the CYBER channel interface UDI auxiliary instruction is shown in figure 
3-24. This instruction executes all of the auxiliary control, preconditioning, and 
responses necessary when interfacing with an external device. Interpretation of the 
instruction bit fields is described in the following paragraphs. 


6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


SHIFT | REGISTER 
SELECT FILE 


ADDRESS 


SUBCODE REGISTER AUXILIARY CONTROL 


; CLOCK 
SEQUENCER DEVICE AUXILIARY SELECT CODE 


FUNCTION CODE DEFINED 


Figure 3-24. Auxiliary Instruction Format 


Sequencer Function Code - Bits 0 Through 2 


These three bits select the function code of the 8X02 sequencer. Only the following odd 
function codes are used with the auxiliary instruction: 


Bit O 1 2 
0 Oo 1 Increment (INC) 
0 1 1 Pop Stack (POP) 
1 0 1 Push for Looping (PLP) 
11 41 Set Microprogram Address to Zero (RST) 


Subcode - Bit 3 


This bit remains in a cleared condition for this instruction. 
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I-Bus Usage - Bits 4 Through 7 


These bits are used the same for all UDI instructions. See test instruction for definition. 


Device Defined - Bit 8 


This bit is used the same for all UDI instructions. See test instruction for definition. 


Register Clock - Bits 9 Through 1l 


These bits are used the same as in the UDI assembly/disassembly. instruction. 


Shift Select - Bits 12 and 13 


These bits are used the same as in the UDI assembly/disassembly instruction. 


Auxiliary Select Code - Bits 14 and 15 
This 2-bit field is decoded to select one of four operations as follows: 
Bit 14 15 


0 O 8 Bits of Data 

0 1 Miscellaneous Pulse 
1 O Addressable Latch 

1 1 Bit Set/Clear 


Auxiliary Control - Bits 16 Through 23 


The interpretation of this 8-bit field varies for each of the auxiliary select codes 
selected by bits 14 and 15. 


Auxiliary Select Code 00 (8 Bits of Data) - Auxiliary select code 00 is used in conjunction 
with I-bus usage code 011 (PROM data) and bit 4 (set/clear I bus bits O through 7). The 
auxiliary control bits (16 through 23) are gated to the I-bus bits 8 through 15. If I-bus 
usage bit 4 = 1, then I-bus bits 0 through 7 are set to zero. If I-bus usage bit 4 = 0, 
then I-bus bits 0 through 7 are set to all ones. This is used for entering constants in 
registers. This instruction is valid for register clock selections of codes 011 through 1il 
only. 


Auxiliary Select Code 01 (Miscellaneous Pulse) - Auxiliary select code 01 is used to enable 
or disable control conditions, activate response signals, clear error conditions, and 
perform other functions on the CYBER channel interface. Bits 21 through 23 are decoded to 
select one of eight miscellaneous pulses and bits 16 through 20 are used to enable up to 
five decoders. However, only two decoders are presently provided on the UDI board. 
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The following miscellaneous pulses are enabled by decodes of bits 19 and 20: 


Bit 19 Enabled Bit 20 Enabled 
000 000 - Clr Channel Control 
001 001 - Clr Errors 
010 These pulses are assigned 010 - Spare 
O11 to set interrupts which are O11 - Disconnect Channel 
100 not presently used in the 100 - Clr Op Code Altered 
101 coupler. 101 - Byte Clock 
100 110 - Toggle Bank Select 
111 111 - Spare 


Auxiliary Select Code 10 (Addressable Latch) - Auxiliary select code 10 is used to enable or 
disable internal and external control conditions which require logic levels. Bits 21 
through 23 are decoded to select one of eight addressable latches within a group of eight, 
and bits 17 through 20 are used to enable up to four of these groups. The selected latches 
are set if bit 16 is a one and cleared if bit 16 is a zero. Only one group (enable bit 20), 
however, is presently used on the UDI board. 


The following latches are enabled by decodes of bit 20: 
Bit 20 Enabled 


000 - Bus Master Clear 

001 - Go 

010 - Step 

011 - Turn off CYBER Channel Interface Diagnostic LED 
100 - Turn on Function Parity Error LED 

101 - DMA 

110 - Read Enable 

111 - Syne Test Point 


Auxiliary Select Code 11 (Bit Set/Clear) - Auxiliary select code 11 provides for selectively 
setting or clearing the lower 8 bits of the shift register. This operation is performed 
between the data on the I bus and the selected bit, with the remaining bits left unchanged. 
This instruction is valid for register clock selections of codes 100 through 111 only. 

Bits 17 through 19 are decoded to set or clear one of eight shift register bits. Code 
translations of 000 through 111 select shift register bits 8 through 15, respectively. Bit 
16 specifies whether the selected bit is to be set or cleared as follows: a one equals set 


and a zero equals clear. Bits 20 through 23 specify the register file address when I-bus 
usage field (bits 4 through 7) selects the register file. 


CYBER CHANNEL COUPLER INTERNAL DIAGNOSTICS 

Three internal (quick-look) diagnostics are provided to test the coupler: 
e CYBER channel interface diagnostic 
® CYBER channel interface/processor interaction diagnostic 
e FIPS device interface/processor interaction diagnostic | 


These are described in the following paragraphs. 
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CYBER CHANNEL INTERFACE DIAGNOSTIC 


The CYBER channel interface diagnostic tests the internal logic circuits of the CYBER 
channel interface. This diagnostic consists of seven sections (section 0 through section 

6). At the start of each section, an interrupt corresponding to that section is set (for 
example, interrupt 0 is set for section 0). The interrupt flip-flops are not used by the 
internal logic in the CYBER channel coupler; however, they provide sync points for 
maintenance troubleshooting use. The flip-flops remain set until a master clear is received. 


Switch SW1-5 on module AO5 (FR205-A) or AO4 (FR205-B) of the CYBER channel interface logic 
allows the microcode to loop on the internal diagnostic when placed in the ON position. If 
an error, or end-of-test is detected and the switch is ON, the microcode repeats the 
diagnostic starting with section 0. If an error is detected and the switch is in the OFF 
position, the microcode returns to it’s idle loop. 


Upon successful completion of the internal diagnostic with switch SW1-5 in the OFF position, 
the microcode turns off the CYBER channel interface diagnostic LED (LED-5 on module AO5 for 
FR205-A or AO4 for FR205-B) and jumps to the idle routine. 


The following paragraphs briefly describe each of the diagnostic sections. 


Section O 


Section 0 loads the address and length counters with all ones and zeros to check the length 
= 0 status. It then checks that decrementing the length does not increment the address and 
vice versa. It also checks for simultaneously incrementing the address and decrementing the 
length. 


Section 1 


Section 1 loads the address counter with all zeros and the length counter with all ones. It 
then decrements the length counter to zero while incrementing the address counter and checks 
the address for nonzero. It also increments the address counter and checks for all zeros 
using length = 0 status. 


Section 2 


Section 2 starts with the address counter loaded with all zeros and does four pushes 
incrementing the address each time. It then moves the address value to the length counter 
and does four pops, decrementing the length counter each time. It checks for a length = 0 
status after four pops. 
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Section 3 


Section 3 checks all shift counts and tests each bit to ensure that a bit has not been 


inadvertently set. It then checks all shift counts and tests each bit to ensure that a bit 
has not been inadvertently cleared. 


Section 4 


Section 4 checks for constant assembly/disassembly clocks and also checks for missing 
assembly/disassembly clock pulses. 


Section 5 


Section 5 checks the bit setting and bit clearing capabilities using different shift counts 
to set and clear the same bit. 


Section 6 


Section 6 writes an address pattern in the register file and checks it using the address and 
length counters. It then loads the complement address pattern in the register file and 
checks it. 


CYBER CHANNEL INTERFACE/PROCESSOR INTERACTION DIAGNOSTIC 


This diagnostic tests the communication and interaction between the CYBER channel interface 
and the processor. The CYBER channel interface performs the interface/processor interaction 
diagnostic when the processor sets the op code altered flip-flop and bits 1 through 15 of 
the op code (figure 3-17) are all zeros. The CYBER channel interface first loads the 
address counter with the contents of memory location 0021)¢ and reads 16 words into the 
register file. The CYBER channel interface then loads the address counter with the contents 
of memory location 0022), and writes 16 words from the register file. If a memory parity 
error is detected while reading the op code or memory location 002116, no data is read. 

The CYBER channel interface sets bit 12 (control package parity error) in memory location 
002416, lights the memory parity error LED (LED-3 on module AO5 for FR205~-A or AO4 for f 
FR205-B), and returns to the idle routine. 


If a memory parity error is detected while reading data, the CYBER channel interface 

attempts to write the data back into memory and sets bit 10 (memory parity error) in memory 
location 0024464. If a memory parity is detected while reading memory location 002216, 

no data is written and the CYBER channel interface sets bit 12 (control package parity 

error) in memory location 002416 and lights the memory parity error LED (LED-3 on module ; 
AO5 for FR205—A or AO4 for FR205-B). 


If a memory parity error is detected while reading data or while reading memory location 


002216, both a control package parity error status (bit 12) and a memory parity error 

status (bit 10) are returned to the processor. If no errors are detected, the CYBER channel 
interface writes the data to memory and sends an interaction test complete (bit 2) to the 
processor. 
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CYBER MICROCODE TRACE 


The microcode for the CYBER channel side of the CCC writes a four~word trace during all 
Normal operations include CYBER function codes and op codes received 


normal operations. 
from the internal processor. 


When an error is detected, the trace is changed to eight 


words. An error code and three additional information words are written into the trace. 


Trace Memory Locations 


The trace for the CYBER side resides in the coupler memory at locations 1E00)¢ through 
1EFF}6- These memory locations are used as follows: 


Locationy¢ 


1E00O 
1E01 
1E02 
1E03 
1E04 
1E05 
1E06 
1E07 
1E08 


1EFF 


Trace Format 


Content 


1E08 
OOFO 
XXXX 
XXXX 
XXXX 


Description 


Starting Trace Address 
Trace Length 

Next Trace Address 
Remaining Trace Length 
Microcode Revision 
Microcode Revision 
Microcode Revision 
Microcode Revision 
Trace 


Trace 


The trace status (word 3) indicates that the trace is for a channel function or an op code, 


and that four words are to be added for an error trace. 


follows. 


Normal Trace for Channel Functions 


Word 


FWwWN FE 
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Trace 


8XXX 
XXXX 
0000 
OOXX 


Description 


Channel Function 
Control Flags 
Trace Status 
Status 


The trace format is organized as 
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Error Trace for Channel Functions 


Word Trace Description 
1 8XXX Channel Function 
2 XXXX Control Flags ‘ 
3 8000 Trace Status 
4 OOXX Status 
5 1XXX Error Code 
6 XXXX Information 1 
7 XXXX Information 2 
8 XXXX Information 3 


Normal Trace for OP Code Commands 


Word Trace Description 


1 XXXX OP Code 

2 XXXX Address 

3 4000 Trace Status 
4 OOXX Status 


Error Trace for OP Code Commands 


Word Trace Description 
] XXXX OP Code 
2 XXXX Address 
3 cO0O Trace Status 
4 OOXX Status 
5 1XXX Error Code 
6 XXXX Information 1 
7 XXXX Information 2 
8 XXXX Information 3 


The trace words are defined as follows: 
e Channel function: 12-bit CYBER function code, same as location 0023)¢. 


e Control flags: Internal hardware status to microcode. 


Bit Description 

00 Not Character Fill 
Ol Active or Pause 

02 R2 Register Full 

03 Xl Register Full 

04 OP Code Altered 

05 OK to Disconnect 

06 Memory DB Register Full 
07 Channel Parity Error 
08 Memory Parity Error ' 
09 Deadman Time-Out 

10 Function 


60459170 D 3-43 


Bit Description 


ll Microcode Master Clear 
12 Length Equals Zero 

13 DMA Complete 

14 Processor Running 

15 Processor Abnormal 


e Trace Status 


Bit Description 

O OR 1 Channel Function 
0 Error Trace 

1 Op Code Trace 
2-15 Not Used 


Status: Status from memory location 002416. 


Bit Description 

00 Not Used 

01 Not Used 

02 Interaction Quicklook Complete 
03 CYBER Quicklook Complete 

04 Not Used 

05 Not Used 

06 Not Used 

07 Not Used 

08 Normal End 

09 Channel Parity Error 

10 Memory Parity Error 

11 Deadman Timeout 

12 Control Package Memory Parity Error 
13 Transfer Indicator 

14 Character Fill 

15 Not Used 


Op Code: This is the Op~code command read from location 0020j¢. 


Address: This is the address read from location 0021 6. 
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Error Code: Refer to tables 3-2 and 3-3 for error codes for normal operations and 
quicklook errors 


Information 1 
Information 2 Varies with error code. See tables 3-2 and 3-3. 


Information 3 


Table 3-2. Error Codes/Normal Operations 


Hexadecimal 
Error Code Info. l Info. 2 Info. 3 Status Misc. Description 


ADRS REG LEN REG DB REG word with Memory parity error 
parity error 


DB REG word with Control package 
parity error memory parity error 


DB REG word with Trace length is 0 
parity error 


DB REG word with Channel data 
parity error parity error 


DB REG word with Deadman timeout 
parity error 


DB REG word with Trace length is 0 
parity error at location 1E01l 


DB REG word with Channel FCN 
parity error parity error 
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Table 3-3. Quicklook Errors (Sheet 1 of 2) 


Hexadecimal 
Error Code Info. Info. Info. Status Misc. Description 


LEN REG Section 0 Length not 0 
LEN REG Section 0 Length i 

LEN REG Section Length 

LEN REG Section Length i 

LEN REG Section Length 

LEN REG Section Length ji 

LEN REG Section Length i 


LEN REG Section Length 


LEN Section Length i 


LEN Section Length 
LEN Section Length i 
LEN Section Length not 0 


LEN Section First Pop instruction 
failed 


Section Second Pop instruction 
failed 


Section Third Pop instruction 
failed 


Section Fourth Pop instruction 
failed 


Section Length not 0 
Section UDI bit test failed 
Section UDI shift 4 failed 
Section UDI shift 8 failed 
Section UDI shift 12 failed 


Section UDI bits 12 - 15 PROM 
data and bit test 


Section UDI SH = 4 PROM data 
and bit test 
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Table 3-3. Quicklook Errors (Sheet 2 of 2) 


Hexadecimal 
Error Code Info. 1 Info. 2 Info. 3 Status Misc. Description 


ADRS REG Section 3 UDI SH = 8 PROM data 
and bit test 


UDI SH = 12 PROM data 
and bit test 


REG 


Section 


UDI check 
A/D clock 1110 


Section 


UDI check 
A/D clock 1101 


Section 


UDI check 
A/D clock 1011 


Section 


UDL check 
A/D clock O111 


Section 


UDI check 
A/D clock 0001 


Section 


UDI check 
A/D clock 0010 


Section 


UDI check 
A/D clock 0100 


Section 


UDI check 
A/D clock 1000 


Section 


UDI check bit set/ 
clear, bits 12 - 15 


Section 


UDI check bit set/ 
clear, bits 8 - 15 


Section 


UDI check 
register file 


Section 6 


Interaction 
quick look 


Control package 
memory parity error 


Interaction 
quick look 


Memory parity error 


Interaction 
quick look 


Length not O after 
memory read te register 
file and register file 

read to memory write 
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FIPS DEVICE INTERFACE/ PROCESSOR INTERACTON DIAGNOSTIC 


This diagnostic tests the communication and interaction between the FIPS device interface 
and the processor. An initialization control sequence consisting of a system reset followed 
by a halt is performed prior to each test segment. The initialization control sequence 
stores the starting address of the test segment to be executed in address 0028, and clears 
the ending status contained in location 002A. Execution of the test segment begins by 
performing a write instruction at location E000. At the completion of each test segment, 
the ending status stored in address 002A is checked for a nonzero condition. Normal 
completion is indicated by bit 0 being set, and an error is indicated by bit 0 being clear 
with the error status contained in bits 4 through 15. 


The diagnostic uses block multiplexer mode to load the transfer registers with various data 
patterns and read back each data pattern for comparison. The patterns tested are all ones 
and alternating ones and zeros (using first 5555)6, then AAAA]6 patterns). Then the 
diagnostic performs a one-byte diagnostic write of all zeros, followed by a read block ID to 
verify that the data read back was correct. Next, a 256-byte buffer is written and verified 
by checking the block ID. (Note, however, that data is not transmitted to the external 
peripheral device; only the internal data path within the coupler itself is tested.) 
Finally, a diagnostic read operation is performed; it reads and verifies 256 bytes of 
alternating ones and zeros generated by the internal microcode in the FIPS device 

interface. The patterns generated are FFFF)6 and 0000j6. 


The diagnostic then tests the stream mode logic by first performing a diagnostic read during 
stream mode. This test segment inputs 256 bytes of data, stores the data patterns in 
memory, and checks the block ID to see that it is 18C. The patterns stored in memory are 
the following: 


lst word 0001 
2nd word 0203 
3rd word 0405 
etc. 
to 
Last word FEFF 


A diagnostic write operation is then performed while in stream mode that generates the same 
patterns as above and the block ID is again checked for an 18C value. Note that the 
receivers and transmitters are not actually checked during the stream mode test segments as 
no data is looped back; only the block IDs are checked. 


FIPS DEVICE INTERFACE 


The FIPS device interface is the communication link between the CYBER channel coupler and 
external I/O control units. All transmissions of information are actually between the PP 
channel and the attached control units via the coupler. The FIPS device interface of the 
coupler employs information formats and control-signal sequencing that provide a uniform 
means for attaching and controlling various types of control units. Information in the form 
of commands, data, status information, sense information, control signals, and I/0 device 
addresses is transmitted over time- and function-shared lines of the interface. This 
interface provides the necessary receivers, transmitters, and control logic to drive the 
FIPS I/O channel. Receivers and transmitters are provided for all FIPS tag lines and for 
bus O in and bus 0 out. 


The FIPS device interface also provides code translation and block ID generation for use 
with magnetic tape controllers. A standard 24-bit UDI is used to control the FIPS interface 
through the use of microcode instructions. The UDI microcode is contained in 1024 words of 
PROM. 
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The FIPS device interface supports the command retry and high-speed transfer features; 
however, the bus extension feature and I/O alert are not supported. 


FIPS 1/O INTERFACE LINES 


External cables physically connect all peripheral control units in a chain, with the first 
control unit being connected to the CYBER channel coupler. The I/O-interface lines are 
parallel signal lines briefly defined in table 3-4. For detailed information on these 
Signal lines, refer to the FIPS publications listed in the preface of this manual. 


Table 3-4. 1/0 Interface Lines 


The bus-out lines are used to 
transmit information (data, 1/0 
device address, and commands) 
from the coupler to the attached 
control unit. 


Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 


position 
position 
position 
position 
position 
position 
position 
position 
position 


ooooooco°c”]e 
Sono WMH © td 
oooooc*noeoo 
SNMOU PWM Ee OD 


The bus~in lines are used to 
transmit information (data, 
selected I/0 device address, 
Status information, and sense 
information) from the attached 
control unit to the coupler. 


Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 


in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 


ooooocoo°cjo 
SOON WHF CO ty 
ooooooco°cjo 
NOW WH & © ry 


Address out The tag lines are used for 
Address in i interlocking and controlling 
Command out information on the buses and for 
Status in i special sequences. 

Service out 

Service in 

Data in 

Data out 


Operational out The selection-control lines are 
Operational in j used for scanning or selection 
Hold out of attached I/O devices. 

Select out 

Select in 


Suppress out 
Request in 
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Bus Out 


The bus-out signal line is used to transmit addresses, commands, and data from the coupler 
to attached control units. The type of information transmitted is indicated by the outbound 
tag lines. 


Bus In 


The bus-in signal line is used to transmit addresses, status, and data from attached control 
units to the coupler. The type of information transmitted is indicated by the inbound tag 
lines. A control unit can place and maintain information on the bus-in lines only when its 
operational in line is high. 


Address Out 


Address out is a tag line from the coupler to all attached control units. Address out is 
used to signal all the control units to decode the I/0 device address on the bus-out lines. 


Address In 


Address in is a tag line from all attached control units to the coupler. This line is used 
to signal the coupler when the address of the currently selected I/0 device has been placed 
on the bus-in lines. 


Command Out 


Command out is a tag line from the coupler to all attached control units that is used to 
signal the selected I/0 device in response to a signal on the address-in, status-in, 
data-in, or service-in tag lines. 


Status In 


Status in is a tag line from all attached control units to the coupler that is used to 
signal the coupler when the selected control unit has placed status information on the 
bus-in lines. 


Service Out 


Service out is a tag line from the coupler to all attached control units. This line goes 
high to signal the selected I/0 device that either service in or status in has been 
recognized and the coupler has accepted the information on the bus-in lines or has provided 
the requested information on the bus-out lines. 
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Service In 


Service in is a tag line from all attached control units to the coupler. This line is used 
to signal the coupler that the selected I/O device is ready to send or receive a byte of 
information. 


Data In 


Data in is a tag line to the coupler from all control units. It is used to signal the 
channel that the selected control unit requires transmission of a byte of information. The 
coupler responds to the Data-In signal by raising either Data Out or Command Out. 


This description does not apply when the 
data streaming feature is used; see the 
Data-Streaming Feature heading for 
additional information. 


Data Out 


Data out is a tag line from the coupler to all attached control units. It is used as a 
response to the rise of the Data-In signal. During a read, read-backward, or sense 
operation, the rise of data out indicates that the coupler has accepted the information on 
the bus-in lines. During a write or a control command, the rise of data out indicates that 
the coupler has placed the requested data on the bus~out lines. 


[Ror] 


This description does not apply when the data 
streaming feature is used; see the 
Data-Streaming Feature heading for 

additional information. 


Operational Out 
The Operational out line provides a signal from the coupler to all attached control units 


and is used for interlocking purposes. Except for the suppress-out line, all lines from the 
coupler are significant only when the operational-out line is high. 


Operational In 
The operational in line provides a signal from the all attached control units to the coupler 


and is used to signal the coupler that an I/0 device has been selected. Operational in 
remains high for the duration of the selection. 
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Select Out, Hold Out, and Select In 


Control unit selection is controlled by the select out, hold out, and select in signal 
lines. Select out and select in form a loop from the coupler through each control unit and 
back again to the coupler. Hold out is a: line from the coupler to all attached control 
units and is used in conjunction with the select-out line to synchronize control unit 
selection. The select-in line provides the return path to the coupler for the Select-—Out 
signal. 


Suppress Out 


Suppress out is a tag line from the coupler to all attached control units. Suppress out may 
rise or fall at any time. This line is used both alone and in conjunction with the outbound 
tag lines to provide the following special functions: suppress data, suppress status, 
command chaining, and selective reset. 


Request In 


Request in is a signal line from all attached control units to the coupler. This line, when 
high, indicates that the control unit requires service and is requesting a selection 
sequence. 


COMMAND-RETRY FEATURE 


The command-retry feature is a coupler and control-unit procedure that can cause a command 
to be retried by the coupler. A control unit may request a command retry in order to 
recover from a transient error or when conditions existing at either the control unit or the 
I/O device prevented execution of the command when it was previously issued. The coupler, 
upon accepting a request for a command retry, repeats execution of the current program, 
beginning at the last command executed. 


DATA-STREAMING FEATURE 


The data-streaming feature allows a data-transfer rate of up to 3 megabytes on a single data 
bus using up to 122 meters (400 feet) of interface cable. The data-streaming feature 
applies only to the read and write commands; it is not used for the sense and control 
commands. The Service-In and Data-In signals are alternated for the duration of each read 
or write command. This provides for a higher data rate than that achievable when using the 
Service-In and Service-Out signals only. 


Those control units that can transfer data by using the data-streaming feature must signal 
the coupler which method of data transfer is desired each time a connection is made. The 


following convention is used to identify the desired method of data transfer: 


e If the control unit initiates the data transfer by raising data in, data is 
transferred using the data-streaming feature. 


e If the control unit initiates the data transfer by raising service in, data is 
transferred using the normal de interlock method. 
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FIPS DEVICE INTERFACE CODE TRANSLATION 


The FIPS device interface provides four read code tables and four write code tables (located 
in RAM) to perform on-the-fly code translation during data transfers. The code tables may 
be bypassed for operation without code translation. Each code table has 256 entries that 
must be loaded prior to usage. Each code table is protected by a hardware-generated/checked 
parity bit. A flag bit test is provided to detect illegal 6-bit codes on 9-track tape read 
operations. The FIPS device interface returns a flag-bit-detected status to the processor 
if any read code table location with bit 26 set is accessed. The processor selects one of 
the four code tables, enables code translation, and enables flag bit detection. A master 
clear disables code translation. 


BLOCK ID GENERATOR 


The FIPS device interface includes a 9-bit cyclic code generator. This is used to generate 
a block ID code for each block of data read or written. A block ID is generated from data 
on the bus-in (read) or bus-out (write) lines. The block ID generator is reset when a FIPS 
transfer is initiated. 


FIPS DEVICE INTERFACE UDI 


The FIPS device interface includes a 24-bit UDI module. This UDI is the same type as that 
used with the CYBER channel interface UDI described previously (refer to figure 3-21). This 
UDI also provides the same three types of microinstructions (test, assembly/disassembly, and 
auxiliary). Note however, that the microcode bit usage is different for these instructions 
when used in conjunction with the FIPS device interface. Microcode usage is as described in 
the following paragraphs. 


Test Instruction 


The instruction format and microcode bit usage for the test instruction is as shown in 
figure 3-25. The test instruction is used for branch control by testing bits or control 
conditions and altering the microinstruction execution sequence. Bit definitions for the 
test instruction are described in the following paragraphs. 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 


ee 
TEST REGISTER 
BIT SELECT FILE 
ADDRESS 
NOT USED 


ADDRESS OR LENGTH 
REGISTER SELECT 


‘TEST TRUE/FALSE TEST mlSton™ 


BRANCH ADDRESS 


SEQUENCER FUNCTION CODE 


Figure 3-25. Test Instruction Format 
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Sequencer Function Code - Bits 0 Through 2 


These three bits select the function code of the 8X02 sequencer. Only the following even 
function codes are used with the test instruction: 


Bit O 1 2 
0 0 0 Test and skip (TSK) 
0 1 0 Branch to loop if test result true (BLT) 
1 O O Branch to subroutine if test result true (BSR) 
1 1 0O Branch if test result true (BRT) 


Test Specified Bit for True or False - Bit 3 


The state of bit 3 (set or clear) enables a true or false check of the test bit (one of 16 
I-bus bits) specified by bits 9 through 12. 


e When bit 3 is set and the test bit is set, a branch is made according to the true 
condition of the test result. Refer to table 3-l. 


e When bit 3 is clear and the test bit is clear, a branch is also made according to 
the true condition of the test result. Refer to table 3-l. 


r) If only one bit is set, an exit is made to the current address plus one (false 
condition in table 3-1). 


Address or Length Register Select - Bit 4 


This bit is used in conjunction with I bus usage code 110 (enable address or length count 
register) to specify which register is to be selected as follows: 


e Select address register if bit 4 = 1. 


e Select length count register if bit 4 = 0. 


I Bus Usage - Bits 5 Through 7 


Bits 5 through 7 provide a code that selects which register is gated onto the I bus. The 
decode for bits 5 through 7 of this field is as follows: 


Bit 5 6 7 
0 0 0 Control Flag Register 
0 0 1 Data Bus Receive Register 
0 1 0 R Register Multiplexer 
0 1 it PROM Data (bits 16 through 23 to I bus bits 8 through 15) 
1 0 O Assembly/Disassembly Register 
1 0 1 Transfer Multiplexer 
1 1 O Enable Address or Length Count Register 
1 11 File Register (1 of 16, selected by bits 20 through 23) 
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Bit 8 — Not Used 


Test Bit Select - Bits 9 Through 12 


These four bits select which bit of the 16 I-bus bits is to be used for testing. Decodes of 
00005 through 11112 select I-bus bits O through 15, respectively. 


Test History - Bit 13 


The state of the test input line to the 8X02 sequencer is latched at the end of each test 
instruction. In order to use the test history bit, a second test instruction with bit 13 
equal 1 must follow the first test instruction, which selects the needed I-bus bit from the 
test multiplexer. 


Branch Address - Bits 14 Through 23 
These bits select the branch address if a branch is executed. The branch address is used 


only with the BSR (branch to subroutine if test result true) and BRT (branch if test result 
true) sequencer function codes. 


Register File Address —- Bits 20 Through 23 
These four bits are used only with the TSK (test and skip) and BLT (branch to loop if test 


result true) sequencer function codes to select one of sixteen register files. The I-bus 
usage bits are used to select the register file address. 
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Assembly/ Disassembly Instruction 


The instruction format and microcode bit usage for the assembly/disassembly instruction is 


as shown in figure 3-26. Bit usage is as described in the following paragraphs. 


7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


2 
ae eee” ee a” See a 


ASSY/ REGISTER 
DISASSY FILE 
REGISTER ADDRESS 

CLOCK OR 

MISCELLANEOUS 


NOT USED CEpens 


SUBCODE SHIFT SELECT 


SEQUENCER REGISTER CLOCK 


FUNCTION 
CODE NOT USED 


Figure 3-26. Assembly/Disassembly Instruction Format 


Sequencer Function Code - Bits 0 Through 2 


These three bits select the function code of the 8X02 sequencer. Only the following odd 


function codes are used with the assembly/disassembly instruction: 


Bie O) 1 2 
0 0 1 Increment (INC) 
0 1 1 Pop Stack (POP) 
1 01 Push for Looping (PLP) 
1 1 41 Set Microprogram Address to Zero (RST) 


Subcode - Bit 3 


This bit is held at a logic "1" level for this instruction. 


I-Bus Usage - Bits 4 Through 7 


These bits are used the same for all UDI instructions. See test instruction for definition. 


Bit 8 — Not Used 
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Register Clock -— Bits 9 Through 11 


These bits provide for the selective clocking (data transfer) of registers from the I bus. 
The bits are decoded as follows: 


Bit 9 10 12 
0 0 0 No Operation 
0 0 1 T Register 
0 1 0 X Register 
0 1 1 R Register 
1 0 0 Assembly/Disassembly Register 
l1 oO 1 Address Counter Register 
1 1 O Length Counter Register 
l1 i411 File Address Register 


Shift Select - Bits 12 and 13 


These two bits determine the shift count of data clocked into either the 
assembly/disassembly register, address counter, length counter, or register file from the I 
bus. They decode to effect an end-around left shift as follows: 


Bit 12 
Left shift 4 places 


Left shift 8 places 


oe! 
0 No shift 
1 
0 
1 Left shift 12 places 


Bits 14 and 15 - Not Used 


Assembly/Disassembly Register Clock - Bits 16 Through 19 


These bits, when set, are used to individually clock 4~-bit parcels of the 
assembly/disassembly register as follows: 


Bit 16 - Clock bits 0 - 3 (MSB) 
Bit 17 - Clock bits 4 - 7 

Bit 18 - Clock bits 8 - 11 

Bit 19 - Clock bits 12 - 15 (LSB) 
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Register File Address or Miscellaneous Clock - Bits 20 Through 23 


If the decode of the register clock bits is 4 through 7 or the decode of the I-bus usage 
bits is 7, the miscellaneous clock is suppressed. This field becomes the file address 
whenever the register file is 7 in the register clock field or in the I-bus usage field. 


These four bits provide for clocking the miscellaneous control circuits in high-speed data . 
transfer loops. The bits are decoded into two separate 2-bit groups as follows: 


Bit 20 21 


0 0 MK10 Not Used 

0 1 MK11 Increment the Address Counter 

1 0 MK12 Decrement the Length Counter 

1 1 MK13 Increment the Address Counter and Decrement the Length 
Counter 


Bret: 22 -23 


0 0 MKOO Not Used 

0 1 MKOL Clear the Data Bus Full Flip-Flop 
1 0 MKO2 Clear Memory Parity Error 

1 1 MKO3 Clear the Write Complete Flip-Flop 


Auxiliary Instruction 


The instruction format and microcode bit usage for the auxiliary instruction is as shown in 
figure 3-27. This instruction executes all of the auxiliary control, preconditioning and 
responses necessary when interfacing with an external device. Interpretation of the 
instruction bit fields is described in the following paragraphs. 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Pieislels Peels Lda 


REGISTER 
FILE 
ADDRESS 


SUBCODE 


etl 


SEQUENCER AUXILIARY CONTROL 
FUNCTION 


CODE AUXILIARY SELECT CODE 


SHIFT SELECT 
REGISTER CLOCK 
ADDRESSABLE LATCH ENABLE 


Figure 3-27. Auxiliary Instruction Format 
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Sequencer Function Code —- Bits 0 Through 2 


These three bits select the function code of the 8X02 sequencer. Only the following odd 
function codes are used with the auxiliary instruction: 


Bit O 1 2 
0 0 1 Increment (INC) 
011 Pop Stack (POP) 
1 oO 1 Push for Looping (PLP) 
Pb el Set Microprogram Address to Zero (RST) 


Subcode —- Bit 3 


This bit remains in a cleared condition for this instruction. 


I-Bus Usage - Bits 4 Through 7 


These bits are used the same for all UDI instructions. See test instruction for definition. 


Bit 8 — Not Used 


Register Clock - Bits 9 Through 11 


These bits are used the same as in the UDI assembly/disassembly instruction. 


Shift Select - Bits 12 and 13 


These bits are used the same as in the UDI assembly/disassembly instruction. 


Auxiliary Select Code - Bits 14 and 15 


This 2-bit field is decoded to select one of four operations as follows: 


Bit 14 15 
0 0 8 Bits of PROM Data 
0 1 Auxiliary Clocks 
1 0 Addressable Latches 
1 41 Register File 
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Auxiliary Control - Bits 16 Through 23 


The interpretation of this 8-bit field varies for each of the auxiliary select codes 
selected by bits 14 and 15. These are as follows: 


Auxiliary Select Code 00 (8 Bits of PROM Data) - Auxiliary select code 00 is used in 
conjunction with I-bus usage code 011 (PROM data) and bit 4 (set/clear I-bus bits 0 through 
7). The auxiliary control bits (16 through 23) are gated to the I-bus bits 8 through 15. 

If I-bus usage bit 4 = 1, then I-bus bits O through 7 are set to zero. If I-bus usage bit 4 
= 0, then I-bus bits 0 through 7 are set to all ones. This is used for entering constants 
in registers. This instruction is valid for. register clock selections of codes 011 through 
111 only. 


Auxiliary Select Code 01 (Auxiliary Clocks) - Auxiliary select code 01 is used to enable or 
disable the auxiliary clocks. The following auxiliary clocks are enabled by decodes of bits 
21 through 23 with bit 20 set: 


Bit 21 22 23 


AKOO 2K Bank Select 

AKO1 Clear Parity Errors 

AKO2 Clear Block ID 

AKO3 Clear Start FIPS Sequence 

AKO4 Load Transfer Register 

AKO5 Increment Code Conversion Address Counter 
AKO6 ~=Load Code Conversion Address Counter 

AKO7 Increment Code Conversion Memory 


—~e RF OOOO 
KSKrK OCOORrFK OO 
KH OF OF OF © 


Auxiliary Select Code 10 (Addressable Latch) ~- Auxiliary select code 10 is used to enable or 
disable internal and external control conditions that require logic levels. Bits 21 through 
23 are decoded to select one of eight addressable latches within a group of eight, and bits 
17 through 20 are used to enable up to four of these groups. The selected latches are set 
if bit 16 is a one and cleared if bit 16 is a zero. 


The following latches are enabled by decodes of bits 21 through 23 with bit 20 set: 


Bie 20-22 25 
0 0 0 ALOO' FIPS Master Clear 
0 0 | ALO1 Go 
O 1 0  ALO2 Step 
Oo 1 ii ALO3 Parameter Transfer 
1 0 O ALO4 Data Stream Transfer 
1 Oil ALO5 Enable Code Conversion 
1 1 0 ALO6 Code Table Select 0 
ly -k. 1 ALO7 Code Table Select l 
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The following latches are enabled by decodes of bits 21 through 23 with bit 19 set: 


The following latches are enabled by decodes of bits 21 through 23 with bit 18 set: 


Ree = CO OOO 


HFK OOK K OC] 


FOordodroro | 


Bit 21 22 23 


The following latches are enabled by decodes of bits 21 through 23 with bit 17 set: 


KFHrerFrFOOoco 


KrF OOrK OO 


Fe Oror OF © 


Bit 21 22 23 


The following latches are enabled by decodes of bits 21 through 23 with bit 16 set: 
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Ke OOOO 


reer OOOO 


OOrF OO 


KrF OOF FK CO 


FOorcr © 


—_~ 


rFOorOdOrOoOrc& 


AMOO 
AMO1 
AMO2 
AMO3 
AMO4 
AMO5 
AMO06 
AMO7 


ANOO 
ANO1 
ANO2 
ANO3 
ANO4 
ANO5 
ANO6 
ANO7 


APOO 
APO1 
APO2 
APO3 
APO4 
APO5 


AP06 
APO7 


AQoo 
AQO1 
AQO2 
AQO3 
AQO4 
AQO5 
AQ06 
AQO7 


LED Off 

Data Out 
Service Out 
Clock Out 
Command Out 
Mark Out Parity 
Mark 1 Out 

Mark O Out 


Syne Point 

Start Stream Test 
Metering Out 
Suppress Out 

Select Out 

Not Operational Out 
Hold Out 

Address Out 


FIPS Data Transfer 

Write Operation 

FIPS Read Complete 

Enable Flag Bit Detect 

Transfer Multiplexer Select 0 
Transfer Multiplexer Select l 
0O = FIPS Address 

01 CYBER Address 

10 = Minimum Block Length 

11 = Full/Empty Counter 

R Register Multiplexer Select 0 
R Register Multiplexer Select 1 
00 = R Register 

O01 = Block ID 

= Read Conversion Memory 
Write Conversion Memory 


_— — 
—- © 
nou 


Enable Code Table Load Address 
Enable Read Table Laad 

Enable Write Table Load 
Transfer Multiplexer Select 2 
Diagnostic Force Odd Byte 
Diagnostic Force Zero 
Diagnostic Force Ones 
Diagnostic Service In 
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Auxiliary Select Code 11 (Bit Set/Clear) - Auxiliary select code 11 provides for selectively 
setting or clearing the lower 8 bits of the shift register. This operation is performed 
between the data on the I bus and the selected bit, with the remaining bits left unchanged. 
This instruction is valid for register clock selections of codes 100 through 111 only. 


Bits 17 through 19 are decoded to set or clear one of eight shift register bits. Code 
translations of 000 through 111 select shift register bits 8 through 15, respectively. Bit 
16 specifies whether the selected bit is to be set or cleared as follows: a one equals set 
and a zero equals clear. Bits 20 through 23 specify the file register address when the 
I-bus usage field (bits 4 through 7) selects the file register. 


FIPS DEVICE INTERFACE CONTROL PACKAGE 


The FIPS device interface communicates with the processor via a designated area in memory 
called the control package. The processor controls the FIPS device interface by setting up 
control sequence buffers in memory, storing into control package locations, and writing into 
pseudo memory locations called control addresses. The processor obtains status information 
from the FIPS device interface by reading locations from the control sequence buffer and 
from the control package. The control package for the FIPS device interface consists of 
seven 16-bit words in memory as follows: 


Address Contents 
0028), Starting Address of Control Sequence 
0029) 6 Device Address 
002A, Control Sequence Ending Status 
002B Control Sequence Execution Address 
16 
002C) ¢ Request In 
002D)¢ Ending Status for Aborted FIPS Transfer 
002E)« Delay Count 


Starting Address of Control Sequence 


The processor stores a 16-bit address in location 002816. The FIPS device interface uses 
this 16-bit address as the starting address of a control sequence. 


Device Address 


The processor stores an 8-bit device address in bits 8 through 15 of location 0029j¢. 

Bits O through 7 are not used. During a select sequence, the device address is sent by the 
FIPS device interface to the device and is also compared with the address returned from the 
device. 


Control Sequence Ending Status 


The processor clears location 002A,¢ before initiating a FIPS device interface control 
sequence. Upon completion of a control sequence, the FIPS device interface stores the 
ending status in this location. The processor can read this location to determine when the 
FIPS device interface has completed a control sequence. The format for the control sequence 
ending status bits is shown in figure 3-28 and defined in the following paragraphs. 
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STATUS 


FIPS DEVICE INTERFACE ERROR 
FIPS SEQUENCE ERROR 
SELECT SEQUENCE COMPARE ERROR 
ENDING SEQUENCE COMPARE ERROR 


NORMAL END 


Figure 3-28. Control Sequence Ending Status Format 


Normal End — Bit 0 


The FIPS device interface has completed a control sequence without detecting any errors. 
When this bit is set, bits 1 through 15 are not used. 


Bits 1 Through 3 - Not Used 


Ending Sequence Compare Error - Bit 4 


The FIPS device interface detected a status compare error on an ending sequence. When this 
bit is set, bits 8 through 15 contain the actual FIPS status byte as follows: fT 


Bit 


8 -— Attention 

9 - Status Modifier 
10 - Control Unit End 
1l - Busy 

12 - Channel End 

13 - Device End 

14 - Unit Check 

15 - Unit Exception 


Select Sequence Compare Error - Bit 5 


The FIPS device interface detected a status compare error on a select sequence. When this 
bit is set, bits 8 through 15 contain the actual FIPS status byte as follows: T 


fT Refer to Appendix D for a detailed description of these bits. 
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FIPS 


The 
Ibi 


8 - Attention 

9 - Status Modifier 
10 - Control Unit End 
11 - Busy 

12 - Channel End 

13 - Device End 

14 - Unit Check 

15 - Unit Exception 


Sequence Error — Bit 6 


FIPS device interface detected a sequence error. When this bit is set, bits 8 through 


ndicate the following: 


Bit 


FIPS 


The 
this 


8 through 11 - Not Used 

12 - Timeout on FIPS Transfer 

13 ~ Address Miscompare on Select Sequence 
14 - No Request In on Polling Sequence 

15 - Select In Received on Select Sequence 


Device Interface Error — Bit 7 


FIPS device interface detected an error on a function, parameter, data or status. When 


bit is set, bits 8 through 15 indicate the following: 


Bit 


8 - Not Used 

9 - MBL Not Met on a Read 
10 - Flag Bit Detected 

11 - Tag or Bus-Out Fault 

12 - Bus-In Parity Error 

13 - Read Path Parity Error 
14 - Memory Parity Error 

15 - Write Path Parity Error 


A FIPS microcode trace table is stored in memory that provides additional information 


pert 
are 


aining to these error conditions. The various memory locations and information stored 
as follows: 
' Address Contents 
1F00 Register File O - Word 1 of Function Being Executed 
1F01 Register File 1 - Sequence Ending Status 
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Bit OO = Normal End 
Bit 04 = Ending Sequence Compare Error 


08 through 15 = Actual FIPS Status (see bit 4 description) 
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Address 


1F02 


1F03 
1F04 
1F05 
1F06 
1FO7 
1F08 


1F09 
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Bit 


Bit 


Bit 


Register 

Bit 
Register 
Register 
Register 
Register 
Register 


Control Flag 0 
= Channel Waiting for Data 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


05 = 


06 


07 


File 
14 = 
File 
File 
File 
File 
File 


a 
& WH bh 
1ouou ou 


15 


Oo 
= 
tou 


Contents 


Select Sequence Compare Error 

08 through 15 = Actual FIPS Status (see bit 5 description) 
FIPS Sequence Error 
12 = Timeout on FIPS Transfer 

13 = Device Address Miscompare 

14 = No Request In on Polling Sequence 

15 = Select In Received 

FIPS Parity Error 

08 = T°” or Data Bus Overrun 

09 = Minimim Block Length Not Met 

10 = Flag Bit Detected 

11 = Tag or Bus-Out Fault 

12 = Bus-In Parity Error 

13 = Read Path Parity Error 

14 = Memory Parity Error 

15 = Write Path Parity Error, Upper or Lower 

2 - Flags 

Select Out 

3 - Temporary Storage 

- Delay Counter 

- A/D Register During Trace 

- Memory Address Register for Current Function 
- Memory Address Register for Previous Function 


SD 


T°” Register Overrun 
Data~Bus Register Overrun 
Bus-Out Fault 

Tag-Out Fault, Upper 
Status In 

Service In 


= Data In 
= FIPS Transfer Started 


Tag-Out Fault, Lower 


= Address In 


Operational In 
Disconnect In 


= Select In 

= Request In 

= Metering In 

Control Flag 1 

= Start FIPS Sequence 


Not X8 Upper (Upper Bit of Block ID) 
Write Data Path Parity Error, Lower 


= X Register Upper Parity Bit 


CYBER DMA Complete 
Test Circuit Completed 


= Not Buffer Empty 
= CYBER Write Complete 
= Memory Read Parity Error 


Read Data Path Parity Error 
Write Data Path Parity Error, Upper 


= Bus-In Parity Error 
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Address Contents 


Bit 12 = Flag Bit Detected 

Bit 13 = Length = 0 

Bit 14 = Compare Error Upper 

Bit 15 = Byte Count = 0 
1FOA 

Each location contains the FIPS microcode revision number 
1FOF 


Status - Bits 8 Through 15 


The FIPS device interface sets 8 bits of status. The definition of these status bits 
depends on the state of bits O through 7 preceding. To analyze the status from an HPA 
listing, append four leading zeros to the 12-bit status word on the HPA listing. Consider 
this word to be hexadecimal, with the leftmost bit being bit 0. 


Control Sequence Execution Address 


The FIPS device interface stores the address of the current control sequence function being 
executed. The processor uses this address to help determine the appropriate recovery 
procedure to initiate in the event of an error and to monitor the progress of the sequence. 
When the sequence completes, the FIPS device interface stores the address of the last 
function executed before a halt function or the address of the function that was aborted. 


Request In 


When the FIPS device interface is in its idle loop, it sets or clears bit 0 of this 16-bit 
location to indicate the state of the request-in line. The processor uses this bit to 
determine when a polling sequence is being requested by a device on the FIPS channel. 


Ending Status for Aborted FIPS Transfer 


The contents of this memory location are meaningful only if the FIPS device interface 
detects an error other than a time-limit error during a FIPS transfer. If such an error 
occurs, the FIPS interface automatically performs an ending sequence and the status received 
from the device is stored in this location. 


Delay Count 


The content of this memory location specifies the delay count to be used when a delayed exit 
is made from an ending sequence function or a jump function. If bit 13 of the first word of 
either of these functions is set, location 002E,¢ is read and used as a delay count. The 
length of the delay is (8 + 2N) x 0.160 microseconds, in which N is the count read from this 
location. 
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-FIPS DEVICE INTERFACE CONTROL SEQUENCE 


The FIPS device interface executes control sequences that are set up in memory by the 
processor. The processor must first place the device address and the starting address of 
the control sequence in the control package, clear the ending status in the control package, 
and set the initiate sequence condition by writing into control address E000),. When the 
FIPS device interface detects the initiate sequence condition, it reads the starting address 
from the control package. The starting address is assumed to contain a function that is 
decoded and executed. Sequential locations in the control sequence buffer are used if the 
function requires parameters or stores status. When the FIPS device interface has completed 
execution of the function, the next sequential location is read and again assumed to contain 
a function to be executed. This process continues until a halt or branch function is 
encountered. All sequences must terminate with a halt function. When the FIPS device 
interface detects a halt function, it stores the ending status in the control package and 
returns to its idle loop to wait for initiation of another sequence. A control sequence is 
aborted and the ending status is stored if the FIPS device interface detects an error other 
than a status compare error during the execution of any function. When a control sequence 
is aborted, the FIPS tag sequence is completed leaving the channel ready for a new select 
sequence. If a channel timeout occurs, it may be necessary to execute a system reset before 
the next select sequence operation. 


CONTROL SEQUENCE FUNCTIONS 


The control sequence buffer is a list of control sequence functions that the FIPS device 
interface executes for the processor. These functions are described in detail in the 
following paragraphs. Note that bit O of the first word of some functions is a program sync 
point. If this bit is set, a scope sync pulse is generated for maintenance purposes. Some 
functions include link bits to speed up time-critical sequences. When the control sequence 
function completes, the link bits are tested. If one bit is set, the next function is 
assumed to be the specified linked function. That function is then executed without 
requiring the time to scan and decode bits 3 through 7. When functions are linked, the 
scope sync pulses are not generated and the control sequence executive address in the 
control package is not updated. Bits 3 through 7 of the first word of each function are 
scanned to decode the function. 
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Select Sequence Function—XOXX 


The select sequence function performs an initial select sequence on the FIPS interface. 
This function requires five memory locations in the control sequence buffer as shown in 
figure 3-29. 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


WORD 1 een 


HoT FUNCTION & CHAIN 
USED DECODE Rae 
pba USED 
STREAM MODE 
SYNC NOT USED 


LINK TO JUMP 
LINK TO LOAD TRANSFER REGISTERS 
LINK TO START FIPS TRANSFER 


15 


NOT USED DEVICE COMMAND 


NOT USED EXPECTED STATUS 


A\ woros {o[o[o]o]o]o[o]o| actuat sravus 
[__coMPaRE ERROR Jump ADDRESS | 


WORD 5 COMPARE ERROR JUMP ADDRESS 


NOTE: 
THIS MEMORY LOCATION IS WRITTEN BY THE FIPS DEVICE INTERFACE. 


Figure 3-29. Select Sequence Function Format 
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The FIPS device interface compares the initial status received from the device (actual) with 
bits 8 through 15 of word 3 (expected). If the expected and actual initial status are 
unequal, the control sequence branches to the address specified in word 5. If the expected 
and actual status are equal, the branch address is not used and the control sequence 
continues sequentially. 


Word 1 - Link to Start FIPS Transfer (Bit 8) 


When this bit is set and no initial status compare error occurs, the select sequence is 
linked to a start FIPS transfer. 


Word 1 - Link to Load Transfer Registers (Bit 9) 


When this bit is set and no initial status compare error occurs, the select sequence is 
linked to a load transfer registers function. 


Word 1 - Link to Jump (Bit 10) 


When this bit is set and no initial status compare error occurs, the select sequence is 
linked to a jump function. 


Word 1 - Stream Mode (Bit 12) 
When this bit is set, the UDI microcode does not drop service out during a select sequence. 


This allows the hardware to get up prior to starting the data transfer. Dropping service 
out starts the data transfer immediately. 


Word 1 -— Immediate (Bit 14) 


This bit must be set for all device commands that do not have data, status, or parameters to 
be transferred. No ending sequence is used with immediate commands. 


Word 1 - Chain (Bit 15) 
When this bit is set, it allows the select sequence to execute with command chaining 


performed on immediate commands. Command chaining allows only the coupler to command the 
device. 


Word 2 - Device Command (Bits 8 Through 15) 


These bits, set by the processor, form a command code that is transmitted to the FIPS device. 
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These bits are used for comparison with the initial status bits received from the device 
connected to the FIPS channel. 


Word 4 - Actual Initial Status (Bits O Through 15) 


This word is written by the FIPS device interface to make initial status available to the 
processor. Bits 0 through 7 are zeros, and bits 8 through 15 contain the status byte 
received from the device. 


Word 5 - Compare Error Jump Address (Bits 0 Through 15) 


Word 5 contains a 16-bit branch address for use when the expected and actual initial status 
bytes are unequal. 


Input Sense Bytes Function—X2NN 


This function inputs from 1 to 255 status bytes from the device connected to the FIPS 
channel and stores them in memory for use by the processor. The number of bytes of sense 
information provided by the device is dependent on the specific device command sent during 
the select sequence. This function requires N+2 memory locations in the control sequence 
buffer, where N is the maximum number of sense bytes to input and store. The device may 
return less than N bytes. 


This function uses the UDI microcode to transfer the sense bytes from the FIPS device and is 
quite slow. A preferred method is to use the DMA path. 


The input sense bytes function has the instruction format shown in figure 3-30. 
Significance of the words is described in the following paragraphs. 


23 4 5 6 7 8 15 


WORD 1 Lebel e) — 


a 


NOT” FUNCTION NUMBER OF 
USED CODE SENSE BYTES (N) 


SYNC 


2 3 4 6 6 7 8 15 


AX wor2 [o[o]o]o[o]o[o]o] aameareo 
ae ee et A ee ee 


ee ee ee 
AS woro ws foo Te Tole [elo lo] sense errens 
A\ woso we [ofofefofelofe lo] rat counr 


NOTE: 
THESE MEMORY LOCATIONS ARE WRITTEN BY THE FIPS DEVICE INTERFACE. 


Figure 3-30. Input Sense Bytes Format 
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Word 1 - Number of Sense Bytes (Bits 8 Through 15) 


These bits specify the number of sense bytes (N) to input from the device. N must be in the 
range of 1 to 255. 


Word 2 to Word N+l - Sense Bytes (Bits O Through 15) 


These words are written by the FIPS device interface to provide the processor with the 
requested number of sense bytes. Bits 0 through 7 are zeros and bits 8 through 15 contain 
the sense bytes received from the device. If the device returns fewer than N sense bytes, 
the remaining words are skipped. 


Word N+2 - Final Count (Bits 0 Through 15) 


This word is written by the FIPS device interface to inform the processor of the actual 
number of sense bytes returned by the device. The number of sense bytes (N) from word 1 are 
the expected total from the device. If the device returns fewer than N sense bytes, the 
remaining words through N+l are skipped. The final count is the number of words skipped. 


Ending Sequence Function—X3XX 


This function initiates an ending sequence on the FIPS device interface. This function 
requires four memory locations in the control sequence buffer. 


The FIPS device interface compares the ending status received from the device (actual) with 
bits 8 through 15 of word 2 (expected). If the expected and the actual status are equal, 
the ending sequence completes, the branch address is not used, and the control sequence 
continues sequentially. If the expected and the actual ending status are unequal, the 
ending sequence does not complete and the control sequence branches to the address specified 
in word 4. 


The instruction format for the ending sequence is shown in figure 3-31. The bits of the 
four words are described in the paragraphs that follow. 
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9 10 11 12 13 14 15 
WORD 1 aaa 


or FUNCTION 
USED DECODE Lean 


| Loe FULL/EMPTY COUNTER 
SYNC DELAY 
NOT USED 
LINK TO COMPARE 
NOT USED 
LINK TO SELECT 
LINK TO JUMP 


NOT USED | EXPECTED STATUS STATUS 


AX woros{olo}olojolo}ojo]  acruat satus 


WORD 4 COMPARE ERROR JUMP ADDRESS 


NOTE: 
Z\_ THIS MEMORY LOCATION IS WRITTEN BY THE FIPS DEVICE INTERFACE. 


Figure 3-31. Ending Sequence Function Format 


Word 1 - Link to Jump (Bit 8) 


When this bit is set and no status compare error occurs, the ending sequence is linked to a 
jump function. 


Word 1 - Link to Select (Bit 9) 


When this bit is set and no status compare error occurs, the ending sequence is linked to a 
select sequence. 


Word 1 - Link to Compare (Bit 11) 


When this bit is set and a status compare error occurs, the ending sequence is linked to a 
compare function. 


Word 1 - Delay (Bit 13) 


If bit 13 of the first word of the ending sequence function is set, location 002Ej6 is 
read and used as a delay count. The length of the delay is (8 + 2N) x 0.160 ys, where N is 
the count read from this location. 
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Word 1 - Clear Full/Empty Counter (Bit 14) 


When this bit is set and there is no status compare error, the FIPS interface clears the 
full/empty counter. 


Word 1 - Chain (Bit 15) 


When this bit is set, the ending sequence executes with command chaining. When this bit is 
clear, the ending sequence is executed without command chaining. 


Word 2 - Expected Ending Status (Bits 8 Through 15) 


These bits are used for comparison with the ending status bits received from the device on 
the FIPS channel. 


Word 3 - Actual Ending Status (Bits O Through 15) 
This word is written by the FIPS device interface to make the ending status available to the 


processor. Bits 0 through 7 are zeros, and bits 8 through 15 contain the actual status byte 
received from the device. 


Word 4 — Compare Error Jump Address (Bits 0 Through 15) 


This word contains a 16-bit branch address for use when the expected and actual ending 
status are unequal. 


System Reset Function — X40X 
This function performs a system reset or a selective reset on the FIPS device interface. 
This function requires one location in the control sequence buffer. After execution of a 


system reset, the operational out tag line is high and all other tag lines are low. 


The instruction format for the system reset function is shown in figure 3-32. 


QO. 1 23 4 5 6 7 8 15 


ool ee a 


ee ee” 
NOT FUNCTION NOT 
USED DECODE USED 

SYNC SELECTIVE RESET 


Figure 3-32. System Reset Function Format 
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Word 1, Selective Reset (Bit 15) 


When this bit is set, the FIPS interface performs a selective reset. When this bit is 
clear, a system reset is performed. 


Drop Suppress-Out Function—X500 


This function drops the suppress-out tag line on the FIPS device interface. This function 
requires one location in the control sequence buffer. The drop suppress~out function has 
the format shown in figure 3-33; no bit parameters are used. 


0 1 2 3 4 5 6 7 8 15 


—_—_—_— _—_—_—aKaa= sasnkn—m kk e _=_=Seee_O_VO 
NOT FUNCTION © NOT 
USED DECODE USED 


SYNC 


Figure 3-33. Drop Suppress-Out Function Format 


Polling Sequence Function—X60X 

This function performs a polling sequence on the FIPS device interface. The processor may 
test location 002C)}, in the control package to determine whether a polling sequence is 
being requested. The function requires three locations in the control sequence buffer. If 
the request-in line on the FIPS interface is not high when this function is executed, the 
following occurs: 


e A polling sequence error is indicated in the control package. 
e The function is aborted. 


e The FIPS device interface returns to its idle loop and waits for another sequence to 
execute. 


The format for the polling instruction is shown in figure 3-34. The bit parameters for the 
three words comprising the function are described in the following paragraphs. 
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2 3 4 5 6 7 8 9 10 11 14 15 


WORD 1 CL PeleTTsTefofole] 


Eee ee ee, 
NOT FUNCTION LINK 
USED DECODE 


SYNC 


A, wow 2 [o[o[o[o [ooo] 
A\ wows [ofolofefefo]ofo] oevce srarus 


NOTE: 
THESE MEMORY LOCATIONS ARE WRITTEN BY THE FIPS DEVICE INTERFACE. 


Figure 3-34. Polling Sequence Function Format 


Word 1 - Link (Bits 8 Through 10) 


These bits must be zero for a polling sequence. 


Word 1 - Chain (Bit 15) 


When this bit is set, the polling sequence is executed with command chaining. 


Word 2 - Device Address (Bits 0 Through 15) 


This word is written by the FIPS device interface. Bits 0 through 7 are zero, and bits 8 
through 15 contain the device address byte received from the peripheral device. 


Word 3 - Device Status (Bits 0 Through 15) 


This word is written by the FIPS device interface. Bits 0 through 7 are zero, and bits 8 
through 15 contain the ending status byte received from the peripheral device. 
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Compare Function—X7XX 


This function compares the expected bus-in byte (word 2) with the last actual bus-in byte 
(word 3) that was received from the peripheral device. If the two bytes. are not equal, the 
control sequence branches to the address specified in word 4. If the two bytes are equal, 
an ending sequence, or a select sequence that did not complete due to a compare error, is 
completed. Command chaining occurs if the chain bit is set in word 1 of the select sequence 
or the ending sequence. This function requires four locations in the control sequence 
buffer. The format for the compare function is shown in figure 3-35. Bit parameters for 
the words comprising this function are described in the following paragraphs. 


2 3 4 5 6 7 8 9 10 11 12 15 


WORD 1 TT Pe hP Epp] 1] 1 _ 


NOT” FUNCTION LINK 

USED DECODE USED 
SYNC LINK TO COMPARE 
LINK TO JUMP 


NOT USED EXPECTED BUS IN 


A\ woros [e[ofolo[e[ololo]  acruat ausw | 


WORD 4 COMPARE ERROR JUMP ADDRESS 


NOTE: ; 
THIS MEMORY LOCATION !S WRITTEN BY THE FIPS DEVICE INTERFACE. 


Figure 3-35. Compare Function Format 


Word 1 - Link (Bits 8 and 9) 


These bits must be zero. 


Word 1 - Link to Jump (Bit 10) 


When this bit is set, the compare function is linked to a jump function if no compare error 
occurs. 


Word 1 - Link to Compare (Bit 11) 


When this bit is set, the compare function is linked to another compare function if a 
compare error occurs. 
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Word 2 -Expected Bus In (Bits 8 Through 15) 


These bits are used for comparison with the last status byte received from the peripheral 
device (word 3). 


Word 3 - Actual Bus In (Bits 8 Through 15) 


This word is written by the FIPS device interface. Bits 0 through 7 are zero, and bits 8 
through 15 contain the last status byte received from the peripheral device. Word 3 is 
written regardless of the state of the branch condition. 


Word 4 - Compare Error Jump Address (Bits O Through 15) 


This word contains a 16-bit branch address for use when the expected and actual status bytes 
are unequal. 


Jump Function—X8XX 


The jump function causes the control sequence to unconditionally branch to the address 
specified in word 2 of the function. The instruction format is shown in figure 3-36 and the 
significance of the parameters is described in the following paragraphs. 


2 3 4 5 6 7 8 9 1011 12 13 14 


WORD 1 PL Pere Pel TTT _ 


arene FUNCTION aan a ae USED 
USED DECODE USED 
DELAY 


NOT USED 


SYNC 


LINK 
LINK TO SELECT 


0 15 
JUMP ADDRESS 


Figure 3-36. Jump Function Format 


Word 1 - Link to Select (Bit 8) 


When this bit is set, the jump function will be linked to a select sequence. 
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Word 1 - Link (Bit 11) 


This bit must be zero. 


Word 1 - Delay (Bit 13) 


If bit 13 of the first word of the ending sequence function is set, location O002Ej¢ is 
read and used as a delay count. The length of the delay is (8 + 2N) x 0.160 us, where N is 
the count read from this location. 


Word 2 - Jump Address (Bits 0 Through 15) 


This word contains the 16-bit branch address. 


Halt Function—X900 


This function causes the control sequence to terminate. The FIPS device interface checks 
for error conditions, sets the appropriate bits in the control package, and goes to an idle 
loop to wait for another sequence. If a select sequence or an ending sequence was not 
completed due to a compare error, the halt function completes the channel sequence without 
any command chaining. The format for the halt function is shown in figure 3-37. 


0142 3 4 5 7 8 14 «15 


~— 


NOT FUNCTION NOT 
USED DECODE USED 


SYNC UNCONDITIONAL HALT 


Figure 3-37. Halt Function Format 


Word 1 - Unconditional Halt (Bit 15) 
When bit 15 is set, the halt function executes without attempting to complete a channel 


sequence. This allows functions to be executed for diagnostic purposes even if the FIPS 
device is malfunctioning. 


3-78 60459170 D 


Load Code Table (XAOX) 


This function loads the read or write code table. Before issuing this function, the select 
code conversion function should be used to enable code conversion and select the desired 
code table. This function requires 257 memory locations in the control sequence buffer. 
The format for the load code table function is shown in figure 3-38 and described in the 
following paragraphs. 


14 #15 


WORD 1 ie Gee 0 eee 


Sr 
NOT FUNCTION 


USED DECODE 


SYNC SELECT WRITE 
TABLE 


ee CODE 0 NOT USED 


WORD 257 CONVERSION CODE 255 NOT USED 


Figure 3-38. Load Code Table Function Format 


Word 1 - Select Write Table (Bit 15) 


The write code table is loaded when this bit is set. When this bit is clear, the read code 
table is loaded. 


Word 2 to Word 257 ~- Conversion Code (Bits 0 Through 7) 


These bits are the conversion codes that are stored in the code table. 
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Read Code Table (XBOX) 


This function reads the read or write code table and stores it in memory. Before issuing 
this function, the processor should use the select code conversion function to enable code 
conversion and select the desired code table. This function requires 257 memory locations 
in the control sequence buffer. The format for the read code table function is shown in 
figure 3-39 and described in the following paragraphs. 


0 1 2 3 4 5 6 7 8 14 15 


WORD 1 BD ae 


~~ oe nee 
NOT FUNCTION NOT 
USED DECODE USED 


SYNC 


SELECT WRITE 
TABLE 


WORD 2 


7 8 15 
conversion coped | o|o]o}o]o/0]0 {a | 


WORD 257 


CONVERSION CODE 255 fofofolololofo|o| 


Figure 3-39. Read Code Table Function Format 


Word 1 - Select Write Table (Bit 15) 


When this bit is set, the write code table is read and stored in memory. When this bit is 
clear, the read code table is read and stored in memory. 


Word 2 to 257 - Conversion Code (Bits 0 Through 15) 


These words are written by the FIPS device interface. Bits O through 7 contain the 
conversion codes read from the code table, and bits 8 through 15 are zero. 
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Select Code Conversion (XCOX) 


This function allows the processor to select one of four code tables and to enable code 
conversion and flag bit detection. The format for the select code conversion function is 
shown in figure 3-40 and described in the following paragraphs. 


0 1 2 3 4 5 6 7 8 9 10 13 14 15 


—— ee” a 


NOT FUNCTION NOT 


USED DECODE USED 


TABLE SELECT CODE 
SYNC ENABLE FLAG DETECTION 
ENABLE CODE CONVERSION 


Figure 3-40. Select Code Conversion Function Format 


Word 1 - Enable Conversion (Bit 8) 


When this bit is set, code conversion is enabled and subsequent data transfers are gated 
through the code conversion tables. When this bit is clear, code conversion is disabled and 
data transfers are gated around the code conversion tables. 


Word 1 - Enable Flag Detect (Bit 9) 


When this bit is set, flag bit detection is enabled. When this bit is clear, flag bit 
detection is disabled. 


Word 1 - Table Select Code (Bits 14 Through 15) 


These bits are used to select one of four pairs of read/write code tables. 
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Load Transfer Registers (XDXX) 


This function allows the processor to set up the transfer registers for a read or write 
operation. The format for the load transfer registers function is shown in figure 3-41 and 
described in the following paragraphs. 


0 4 5 6 7 8 9 10 11 12 13 14 15 


12 3 
word {| folaisfol+{ | | | | J | 
NOT FUNCTION NoT i | 
USED DECODE USED SET READ COMPLETE 


SET ODD BYTE 


CONDITIONAL LOAD 
PARTIAL LOAD 


LINK TO START FIPS TRANSFER 
LINK TO ENDING SEQUENCE 


SYNC 


15 


MINIMUM BLOCK LENGTH 


WRITE OPERATION 


2 


15 
FULL/EMPTY COUNTER 
oe | FIPS ADDRESS COUNTER 
CYBER ADDRESS COUNTER 


BYTE COUNTER 
JUMP ADDRESS 


*FIPS/CYBER ADDRESS REGISTER 


Figure 3-41. Load Transfer Registers Function Format 


Word 1 - Link to Ending Sequence (Bit 8) 


When this bit is set, the load transfer registers function is linked to an ending sequence. 
If this bit is set, bits 14 and 15 are not used. 


Word 1 - Link to Start FIPS Transfer (Bit 9) 


When this bit is set, the load transfer registers function is linked to a start FIPS 
transfer. If this bit is set, bits 14 and 15 are not used. 
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Word 1 - Partial Load (Bit 11) 

When this bit is set, the FIPS address register or the CYBER address register is selected to 
load words 4 and 6 of the load transfer registers function. This is used to transfer data 
from the CYBER channel while sending the search ID parameters to the disk controller during 


a write function. When this bit is clear, all words of the load transfer registers function 
are loaded. 


Word 1 - Conditional Load (Bit 13) 

When this bit is set, the FIPS device interface checks the status of the last CYBER 
interface DMA operation before loading the transfer registers. If the CYBER interface 
completed the data transfer, the transfer registers are loaded and the branch address is not 
used. If the CYBER interface did not complete the data transfer, then the FIPS device 


interface does not alter the transfer registers and the control sequence branches to the 
address in word 7. 


Word 1 - Set Odd Byte (Bit 14) 


When this bit is set, the FIPS device interface sets the Odd Byte signal to the CYBER 
interface. This may be used for diagnostic purposes. 


Word 1 — Set Read Complete (Bit 15) 


When this bit is set, the FIPS device interface sets the Read COURT ES signal to the CYBER 
interface. This may be used for diagnostic purposes. 


Word 2 — Write Operation (Bit 0) 


This bit selects the direction of data transfers. If this bit is set, the transfer is from 
the CYBER channel to the FIPS device. If this bit is clear, the transfer is from the FIPS 
device to the CYBER channel. 


Word 2 — Wait (Bit 1) 


When this bit is set, the loading of registers is stopped. This is used during a data 
stream read operation. When this bit is cleared, the loading of registers resumes. 


Word 2 - Minimum Block Length (Bits 2 Through 15) 


These bits are used to set the minimum-block-length register. 
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Word 3 - Full/Empty Counter (Bits 2 Through 15) 


These bits are used to load the full/empty counter. 


Word 4 - FIPS Address Counter (Bits 3 Through 15) 
This word contains the lower 13 bits of the FIPS address that is to be loaded into the FIPS 


address counter of the transfer logic. The upper 3 bits are provided by bits 0, 1, and 2 of 
word 5. 


Word 5 - FIPS/CYBER Address Register (Bits 0, 1, and 2) 


Bits 0, 1, and 2 specify the upper three bits of the FIPS or CYBER address used by the 
transfer logic. 


Word 5 — CYBER Address (Bits 3 Through 15) 
This word contains the lower 13 bits of the CYBER address that is to be loaded into the 


CYBER address counter of the transfer logic. The upper 3 bits are provided by bits 0, l, 
and 2 of word 5. 


Word 6 - Byte Counter (Bits 0 Through 15) 


These bits are used to load the byte counter. 


Word 7 -— Jump Address (Bits 0 Through 15) 


This word contains a 16-bit branch address for use when a conditional load is selected and a 
CYBER DMA is not complete. 


3-84 60459170 D 


Read Transfer Registers (XEOO) 


This function allows the processor to check the contents of the transfer registers. The 


format for the read transfer registers function is shown in figure 3-42 and described in the 
following paragraphs. 


23 4 5 6 7 15 


WoRD 1 i a 


ae enn ene naREEEERERREEEESEREED eine 
NOT FUNCTION 


USED DECODE 


SYNC 


5 6 7 8 


WORD 2 BEn ohne MINIMUM BLOCK LENGTH 


WRITE GceRaTiON=l arr BLOCK LENGTH 
NOT MET 


0 5 6 15 
woros}olojojojojo]  Futt/emry counter | 
| pSADDRESS 


FIPS ADDRESS 
CYBER ADDRESS 


oni olalalale le. pate COUNTER 


TE 
THESE MEMORY LOCATIONS ARE WRITTEN BY THE FIPS DEVICE INTERFACE. 


Figure 3-42. Read Transfer Registers Function Format 


Word 1 - No Parameters 


Word 2 - Minimum Block Length (Bits 0 Through 15) 
This word is written by the FIPS device interface. Bit 0 indicates the state of the 


direction latch, bit 1 indicates that the minimum block length has not been met, and bits 2 
through 15 contain the minimum block length. 


Word 3 - Full/Empty Counter (Bits O Through 15) 


This word is written by the FIPS device interface. Bits 0 and 1 are zero. Bits 2 through 
15 contain the current value of the full/empty counter. 
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Word 4 - FIPS Address (Bits O Through 15) 


This word is written by the FIPS device interface. It contains the current value of the 
FIPS address counter. 


Word 5 — CYBER Address (Bits O Through 15) 


This word is written by the FIPS device interface. It contains the current value of the 
FIPS address/CYBER address counter. 


Word 6 - Byte Counter (Bits 0 Through 15) 


This word is written by the FIPS device interface. Bits 0 through 15 contain the current 
value of the byte counter. 


Read Block ID (XFOO) 
This function allows the processor to read the Block ID code generated on read and write 


operations. The format for the read block ID function is shown in figure 3-43 and described 
in the following paragraphs. 


2345678 15 


WORD 1 PT ebb 


aor. FUNCTION NOT 
USED DECODE USED 


SYNC 


2 3 4 &§ 6 7 


Ax worn 2 [eTo[o]o[o loo] sox 
AS woros [ofo[olofo[ofo[ exrenoeoio 


NOTE: 
THIS MEMORY LOCATION IS WRITTEN BY THE.FIPS DEVICE INTERFACE . 


Figure 3-43. Read Block ID Function Format 


Word 1 - No Parameters 
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Word 2 - Block ID (Bits 0 Through 15) 


This word is written by the FIPS device interface. Bits 0 through 6 are zero and bits 7 
through 15 contain the block ID. 


Word 3 - Extended ID (Bits 0 Through 15) 


This word will be all zeros. 


Start FIPS Transfer (10XX) 


This function causes the FIPS device interface to start a data transfer on the FIPS device. 
The FIPS UDI gives up its memory slot time and the data transfer proceeds under control of 

the transfer logic. The FIPS UDI waits for the transfer to complete before continuing the 

control sequence. The FIPS device interface aborts if the data transfer on the FIPS device 
does not begin within the time interval specified by word 2. The format for the start FIPS 
transfer function is shown in figure 3-44 and described in the following paragraphs. 


12 3 4 5 6 7 8 9 10 11 12 13 14 15 
WORD 1 tea 


“NOT FUNCTION NoT fecpaeve BUFFER FULL 
USED DECODE USED 


i MODE 
SYNC ENABLE BYTE COUNT 


PARAMETER TRANSFER 


STREAM MODE 
DISABLE TIMER 
LINK TO LOAD TRANSFER REGISTERS 
0 15 


WORD 2 TIME LIMIT 


Figure 3-44. Start FIPS Transfer Function Format 


Word 1 - Link to Load Transfer Registers (Bit 8) 


When this bit is set, the start FIPS transfer function is linked to a load transfer 
registers function. 


Word 1 - Disable Timer (Bit 10) 


When this bit is set, the time limit is disabled. 
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Word 1 - Stream Mode (Bit 11) 


When this bit is set, the data stream logic is used to transfer data to/from the FIPS 
device. Stream mode is used only for read and write functions (not for control). 


Word 1 - Parameter Transfer (Bit 12) 


When this bit is set, the logic does not decrement the full/empty counter. This is used 
when sending parameters to the FIPS device while the CYBER channel is receiving data from 
the PP. 


Word 1 - Enable Byte Count (Bit 13) 


When this bit is set, the FIPS transfer terminates when the byte count is equal to zero. If 
this bit is not set, read operations are terminated when the device sends a Status-In 
signal, and write operations are terminated when the device sends a Status In or when there 
is no more data to send to the device and either the Data-In or Service-In signals are 
received from the device. If this bit is to be used, the byte counter must first be loaded 
with N -l where N is the exact number of bytes the device will transfer. 


Word 1 - Diagnostic Mode (Bit 14) 


When this bit is set, the FIPS device interface performs a diagnostic read or write 
operation. 


For a diagnostic read operation, data is moved from the data bus into memory under control 
of the transfer logic. The FIPS device interface forces an alternating data pattern on bus 
in. The pattern is FF with parity error followed by 00 without parity error. A total of 
256 bytes are transferred to memory. Following a diagnostic read operation, the processor 
should verify that normal ending status is present. The data pattern and the length of the 
transfer should also be checked. The block ID character should be 183 hexadecimal. 


If the stream mode bit (bit 11) is also set, a pattern of 00 through FF is transferred from 
the test circuitry to memory. 


For a diagnostic write operation, data is moved from memory to bus out under control of the 
transfer logic. The full/empty counter is decremented with each word transferred and the 
operation ends when the buffer is empty. Prior to doing a diagnostic write, the processor 
should load the transfer registers and place a known data pattern in buffer memory. 
Following the diagnostic write, the processor should verify that a normal ending status is 
present. The block ID character should also be read and verified. 


If the stream mode bit (bit 11) is also set, a pattern of 00 through FF is transferred from 
memory to the transmitters and block ID. 


Diagnostic read/write operations use bits 0 through 7 of buffer memory words. Bits 8 
through 15 will equal bits O through 7. 
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Word 1 - Disable Buffer Full (Bit 15) 


When this bit is set, the FIPS device interface resets the full/empty counter at intervals 
of less than 3 us. This prevents the buffer from going full when read data is not being 
transferred to the CYBER interface. This allows generation of a block ID without transfer 
of data on the CYBER channel. 


Word 2 - Time Limit (Bits 0 Through 15) 


This count is used by the FIPS device interface to time out the start of data transfer on 
the FIPS device. Time is specified in 100-us increments. If the specified time interval 
elapses without the data transfer starting, the FIPS device interface aborts the control 
sequence. A count of zero should not be specified. The maximum delay is 6.55 s. This 
timer is disabled if bit 10 is set in word l. 


CONTROL ADDRESSES 


The FIPS device interface uses special control addresses. When the processor writes into 
address E000, the FIPS device interface detects a Start FIPS Sequence signal. The FIPS 
device interface then clears this signal and begins executing a control sequence at the 
address specified in the control package. When the processor writes into address E002, the 
FIPS device interface receives a master clear pulse. Both of these control addresses are 
decoded by the transfer logic. The write instruction must be a full word write. 


INTERRUPT 


The FIPS device interface does not interrupt the processor. The control package is used to 
indicate abnormal condition detected by the FIPS device interface. 


MASTER CLEAR 


The FIPS device interface is master cleared by a power-on application, CYBER channel master 
clear, pushbutton master clear, or by a programmable master clear. The programmable master 
clear is generated when the processor writes into control address E002. 


When the FIPS device interface receives any of the preceding master clear signals, the upper 
LED on module Al8 is turned on and the UDI is forced to a special idle loop where it waits 
for the processor to initiate a control sequence. When the processor initiates a control 
sequence, the FIPS device interface first executes the UDI diagnostic, then executes the 
control sequence, and finally goes to the normal idle loop. When the diagnostic completes, 
the LED is turned off. If an error is detected by the diagnostic, the LED remains on and 
the UDI does not go to the idle loop or return a control sequence ending status in the 
control package. 


TRANSFER LOGIC 


The transfer logic provides the necessary hardware to transfer data from the CYBER channel 
interface through memory to the FIPS device interface and vice versa without requiring 
action from either UDI. The processor sets up the transfer by initiating a FIPS device 
interface control sequence to load the transfer registers. The processor then places the 
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CYBER channel interface and/or the FIPS device interface in transfer mode. During the 
transfer, data is written into an 8000)6 word circular buffer by one interface and read 
from that buffer by the other interface. When an interface is in transfer mode, its memory 
slot time is used by the transfer logic and its UDI is unable to reference memory. The UDI 
regains its memory slot time when the transfer completes or when a master clear signal is 
received. 


Major hardware elements of the transfer logic are described in the following paragraphs. 


MINIMUM BLOCK LENGTH REGISTER 


The transfer logic includes a 14-bit minimum block length register. This register may be 
loaded by the processor via the FIPS device interface. The CYBER channel interface receives 
a buffer empty condition until the full/empty counter is equal to the minimum block length. 


DIRECTION LATCH 


The transfer logic includes a direction latch. When this latch is set, a write operation is 
performed and data flow is From the CYBER channel interface to the FIPS device interface. 
When the latch is cleared, a read operation is performed and data flow is from the FIPS 
device interface to the CYBER channel interface. The processor may set or clear this latch 
via the FIPS device interface. 


FULL/ EMPTY COUNTER 


The full/empty counter is a 14-bit counter that may be loaded by the processor via the FIPS 

device interface. The counter is incremented when data is written into the circular buffer, 
and the counter is decremented when data is read from the buffer. The output of the counter 
is decoded to provide buffer full and buffer empty conditions to the CYBER channel and FIPS 

device interfaces. A count of zero indicates buffer empty, and a count of 8192 (hexadecimal 
2000) indicates buffer full. 


FIPS ADDRESS COUNTER 


The transfer logic has a 16-bit address counter that is used during the FIPS device 
interface slot time of data transfers. This counter may be loaded by the processor via the 
FIPS device interface. The counter increments when the FIPS device interface reads or 
writes memory in transfer mode. The counter has a range of 0 to 8191 (decimal) and will 
wrap around. This provides an 8192 (decimal) location circular buffer. 


CYBER ADDRESS COUNTER 
This counter is identical to the FIPS address counter except that the address is used during 


the CYBER channel interface slot time and the counter is incremented when the CYBER channel 
interface reads or writes memory. 
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BYTE COUNTER 


The transfer logic includes a 16-bit counter, which may be used to terminate the start FIPS 
transfer function without waiting for the device to send a Status-In signal. The counter is 
loaded with N -1 where N is the number of bytes to be transferred. The count is then 
decremented as each byte is accepted by the device (write operation) or received from the 
device (read operation). 
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UDI CONTROL SIGNAL ASSIGNMENTS A 


This appendix provides information on the UDI control signal assignments for the CYBER 
channel interface and the FIPS device interface. 


CYBER CHANNEL INTERFACE UDI CONTROL SIGNALS 


The CYBER channel interface UDI uses the I-bus select lines, register clocks, miscellaneous 
pulses, addressable latches, and the control flag register to control the CYBER channel 
interface. The usage of these lines is as follows: 


REGISTER CLOCKS (BITS 9 THROUGH 11) 


Bit 


Jw 
— 
(an) 
— 
— 


No Operation 

UDI T Register 

UDI Xl Register 

Processor Control Register 
Assembly/Disassembly Register 
Address Counter Register 
Length Counter Register 
Register File Write (1 of 16) 


Free rF OOCO°O 
er OoOorrodeO | 
rPOoOroOrodro | 


MISCELLANEOUS PULSES, AUX 0 (BITS 21 THROUGH 23, AND BIT 20 SET) 


Bit 20 21 22 23 


1 0 0 0 Clear Channel Control 
100 1 Clear Errors 

1 0 41 0 Spare 

1 oO 41 1 Disconnect Channel 

1 1 0 O- Clear Op Code Altered 
L; ob 0: 1 Byte Clock 

1 1 1 O- Toggle Bank Select 
> sh.) Spare 
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CONTROL FLAG REGISTER (1 BUS USAGE 0) 


Not Character Fill 
Channel Active or Pause 
R2 Full 

Xl Full 

Op Code Altered 

OK to Disconnect 

DB Full 

Channel PE 

Memory PE 

Deadman Time-out 
Function 

Microcode Master Clear 
Length=0 

DMA Complete 
Processor Running 
Processor Abnormal 


ADDRESSABLE LATCH, AUX 1 (BITS 21 THROUGH 23, AND BIT 20 SET) 


Bit 20 21 22 23 


ed ee ee ee ee 


Ke Kee OOOO 


Bus Master Clear 

Go 

Step 

Turn off CYBER Interface Diagnostic LED 
Turn on Function Parity Error LED 

DMA 

Read Enable 

Syne Test Point 


He OOre KO O 
—-OrFOF OF OC 
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COUPLER IDENTIFICATION (1 BUS USAGE 5) 


0 - SWI-1 
1 - SW1-2 
2. S/6W1L=3 
3  —- SW1-4 
4 —- SW1-5 
5 - SW1-6 
6 - SW1-7 
7 - SW1-8 
8 _ 

9 - 

10)= 

i 

Le 

IB. 

14 - 

15 - LSB 


1 = 


l= 


Parity Enabled; 0 = Parity 
Disabled 


Equipment Type 


Not Loop on Diagnostic; 0 = Loop 
on Diagnostic 


Spare 
FIPS Loopback Test 
Repeat FIPS Loopback Test 


ID Number 


FIPS DEVICE INTERFACE UDI CONTROL SIGNALS 


The FIPS device interface UDI uses the I-bus select lines, register clocks, miscellaneous 


clocks, auxiliary clocks, addressable latches, and control flag register to control the FIPS 
device interface. The usage of these lines is as follows: 


I-BUS SELECT (BITS 5 THROUGH 7) 


Bit 


Ju 
Jo 
|~N 


Ree eR OCO oO 


RFere OOK kK OC 
KF OroOroOro 


60459170 D 


10 
Il 
I2 
13 
14 
I5 
16 
17 


Control Flag Register 

Data Bus Receive Register 

R Register Multiplexer 

PROM Data (bits 16-23 to I bus bits 8-15) 
Assembly/Disassembly Register 

Transfer Multiplexer 

Enable Address or Length Count Register 

File Register (1 of 16, selected by bits 20-23) 


REGISTER CLOCKS (BITS 9 THROUGH 11) 


Bit 9 10 11 
0 0 O PO — Not Used 
0 0 1 Pl - T Register 
0 1 O P2 = X Register 
0 1 1 £P3 - R Register 
1 0 0O- P4 = Assembly/Disassembly Register 
1 0 l P5 - Address Counter Register 
1 1 0  P6 — Length Counter 
1 1 it P7 — File Address Register 


MISCELLANEOUS CLOCKS (BITS 20 AND 21) 


Bit 20 21 
0 O £MKI10 - Not Used 
0 1 MK11 - Increment Address Counter 
1 QO £MK12 - Decrement Length Counter 
1 1 MK13 - Increment Address Counter and Decrement Length Counter 


MISCELLANEOUS CLOCKS (BITS 22 AND 23) 


Bit 22 23 
0 QO £MKOO — Not Used 
O 1 £MKOL - Clear DB Full FF 
1 O MKO2 - Clear Memory Parity Error 
1 1 MKO3 - Clear Write Complete 


AUXILIARY CLOCKS (BITS 21 THROUGH 23, AND BIT 20 SET) 


Bit 20 21 22 23 

AKOO - 2K Bank Select 

AKO1 - Clear Parity Errors 

AKO2 - Clear Block ID 

AKO3 - Clear Start FIPS Sequence 

AKO4 - Load Transfer Register 

AKO5 - Increment Code Conversion Address Counter 
AKO6 — Load Code Conversion Address Counter 

AKO7 - Increment Code Conversion Memory 


on el el ed ee ol 
KR eS eH OOOO 
Ker OOr-rK OO 
eK Or OrFOrF OO 
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ADDRESSABLE LATCH (BITS 21 THROUGH 23, AND BIT 20 SET) 


Bit 20 21 22 23 


— eee ope 
mee OOO CO 


er OOF FOO 


- Or Or OF O&O 


ALOO 
ALO1 
ALO2 
ALO3 
ALO4 
ALO5 
AL06 
ALO7 


FIPS Master Clear 

Go 

Step 

Parameter Transfer 
Data Stream Transfer 
Enable Code Conversion 
Code Table Select 0 
Code Table Select 1 


ADDRESSABLE LATCH (BITS 21 THROUGH 23, AND BIT 19 SET) 


Bit 19 21 22 23 


Para oe OO 
meee OOO O 


ADDRESSABLE LATCH (BITS 21 THROUGH 23, AND BIT 18 SET) 


= COOK KK OC CO 


KK Or Or Of © 


Bit 18 21 22 23 


en ee ee ee 
Bere rR OOOO 
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K—HrR OOrY K- OO 


KF Or OF Oro 


AMOO 
AMO1 
AMO2 
AMO3 
AMO4 
AMO5 
AMO6 
AMO7 


ANOO 
ANO1 
ANO2 
ANO3 
ANO4 
ANO5 
ANO6 
ANO7 


LED Off 

Data Out 
Service Out 
Clock Out 
Command Out 
Mark Out Parity 
Mark 1 Out 
Mark O Out 


Syne Point 

Start Stream Test 
Metering Out 
Suppress Out 

Select Out 

Not Operational Out 
Hold Out 

Address Out 


ADDRESSABLE LATCH (BITS 21 THROUGH 23, AND BIT 17 SET) 


Bit 17 21 22 23 


ee es 


APOO —- FIPS Data Transfer 

APO1 — Write Operation 

APO2 — FIPS Read Complete 

AP03 - Enable Flag Bit Detect 

APO4 —- Transfer Multiplexer Select 0 
APO5 - Transfer Multiplexer Select 1 


He OOOO 
oOoOrrOoO 
KH OrdrO 


00 = FIPS Address 
01 = CYBER Address 
10 = Minimum Block Length 


11 = Full/Empty Counter 
1 1 O APO6 - R Register Multiplexer Select 0 
I, “al wl APO7 - R Register Multiplexer Select 1 


00 = R Register 

01 = Block ID 

10 = Read Conversion Memory 
11 = Write Conversion Memory 


ADDRESSABLE LATCH (BITS 21 THROUGH 23, AND BIT 16 SET) 


Bit 16 21 22 23 


ee 


AQOO - Enable Code Table Load Address’ 
AQO1 — Enable Read Table Load 

AQO2 - Enable Write Table Load 

AQO3 - Transfer Multiplexer Select 2 
AQO04 —- Diagnostic Force Odd Byte 

AQO5 - Diagnostic Force Zero 

AQ06 - Diagnostic Force Ones 

AQO7 - Diagnostic Service In 


Keer OOOO 
Kee OOFFK OO 
FP OrOrF OF © 


CONTROL FLAG REGISTER O 


Channel Waiting for Data 
T° Register Overrun 
DB Register Overrun 
Bus-Out Fault 

Tag-Out Fault Upper 
Status In 

Service In 

.Data In 

FIPS Transfer Started 
Tag Out Fault Lower 
Address In 
Operational In 
Disconnect In 

Select In 

Request In 

Metering In 
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CONTROL FLAG REGISTER 1 


Bit 00 - Start FIPS Sequence 
Ol - Not X8 Upper (Upper bit of block ID) 
02 - Write Path Parity Error Lower 
03 - X Register Upper Parity Bit 
04 - CYBER DMA Complete 
05 - Test Circuit Completed 
06 - Not Buffer Empty 
07 - CYBER Write Complete 
08 - Memory Read Parity Error 
09 - Read Data Path Parity Error 
10 - Write Data Path Parity Error Upper 
11 - Bus-In Parity Error 
12 - Flag Bit Detected 
13 - Length = 0 
14 - Compare Error Upper 
15 - Byte Count = 0 
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PROCESSOR INSTRUCTION CODES B 


INTRODUCTION 


This appendix provides information on the processor used in the CYBER channel coupler 
including the internal instruction set and associated control functions. Information is 
presented under the following major headings: 

e Processor Description 

e Instruction Formats 

e Stack Pointer 

e Data Formats 

e Internal Flags 

e Instruction Execution Times 

e Instruction Descriptions 

e Format 2 Instructions 


6 Processor Control Interface Signals 


e Instruction Tables 


PROCESSOR DESCRIPTION 


The processor is an internally programmed, parallel mode, digital device that controls basic 
internal operations on the data bus, CYBER channel interface, and FIPS device interface of 
the CYBER channel coupler. The processor consists of two main sections as shown in the 
block diagram of figure B-l. 


CONTROL SECTION 


The control section processes all instructions of the instruction set. It consists of a 
16-bit instruction register, and a microsequencer that controls all instruction 
translations, bus interfaces, and interrupt interfaces, and supplies maintenance status. 

The control section has two LEDs; LED-1 (top) processor running and LED-2 (bottom) processor 
parity error. 
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STATUS 
INTERFACE SECTION INTERFACE 


INTERRUPTS (16) ALU 


DATA BUS 


Figure B-1. Processor Block Diagram 


ARITHMETIC SECTION 


The arithmetic section or arithmetic logic unit (ALU) performs all arithmetic operations in 
two”s complement mode, including those that form storage addresses. The 16-bit ALU contains 
16 addressable registers. 


Four of these registers are assigned as follows: 


Register QO = Program Address Register (P) Normal Program 
1 = Accumulator (A) Execution 
2 = Index Register Bl (Bl) Register Set 
3 = £4Index Register B2 (B2) (Job Mode) 


The remainder of the registers are used for data, address, and status manipulation. A 
parallel shift network provides the capability of right-shifting the contents of the A 
register a maximum of 15 binary positions under control of a 4-bit shift count. It is also 
used for byte and address manipulation. 
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CONTROL INTERFACE 


The control interface consists of 12 control signals and provides the facilities for 
externally controlling and monitoring certain processor operations. The various control 
signals are described later in this appendix under the heading of Processor Control 
Interface Signals. 


DATA BUS INTERFACE 


The data bus interface provides the processor with the means to communicate with internal 
memory and control circuits, the CYBER channel interface, and the FIPS device interface. 


INTERRUPT INTERFACE 


The CYBER channel coupler does not use the interrupt interface of the processor. However, 
because the processor contains the interrupt interface as an integral part of its design, 
the basic capabilities of the interface are briefly described. 


The interrupt interface would normally function as a one-level interrupt system. That is, 
the occurrence of another interrupt would not be recognized until the processor exits 
interrupt mode. This would be accomplished via the interrupt return or exit interrupt state 
instruction. Also, the interrupt interface could be deactivated by executing the disable 
interrupts instruction or again enabled through use of the enable interrupts instruction. 


Normally, memory addresses would be assigned to interrupt bits 00 through 15. Each memory 
address would contain the starting address of a corresponding interrupt subroutine. 


The interrupt interface also provides an interrupt status bit for the set condition equal 
internal tests instruction. This would allow detecting the presence of an interrupt without 


activating the interrupt system. The transfer interrupt register to A instruction provides 
the same capability plus the ability to examine the individual interrupt bits. 


INSTRUCTION FORMATS 


Two different instruction formats are used: format | and format 2. These are defined in the 
following paragraphs. 


60459170 D B=5 


INSTRUCTION FORMAT 1 


f£ = function code 
a = subfunction code 


s = instruction condition designator, leftmost four bits of an 8-bit immediate operand, 
or rightmost four bits of operand address modifier 


t = subfunction code, bit designator, right-shift count, or rightmost four bits of an 
8-bit immediate operand 


Most format 1 instructions are considered to be no address mode. That is, no execution 
address is associated with these instructions since they contain an immediate operand, or 
they perform operations involving only directly addressable registers. Format l 
instructions involving the use of an execution address are the O9XX through OFXX, and 17XX. 
See individual instruction definitions for detail descriptions. 


INSTRUCTION FORMAT 2 


f = function code 
i 
and 
r = addressing mode designators 
m = base address 


Addressing modes for format 2 instructions are described with respect to the formation of an 
execution address (M). Parentheses are used to indicate the contents of a register or 
storage location. Where the rightmost eight bits of an instruction, m, are used directly or 
arithmetically to form a 16-bit address, zeros are appended to m in the leftmost bit 
positions, 00 through 07. All address arithmetic is performed in two”s complement mode and 
does not alter the state of the adder generate bit. 


B-4 60459170 D 


The following defines the format 2 address modes: 


Direct Address; i=0, r=009 


A direct address is formed by using only the rightmost eight bits of the instruction 
word. This mode provides direct access to the first 256)9 storage locations. 


M=m 
Index Bl; i=0, r=01l9 


An index Bl modified address is formed by adding the contents of the Bl register to 
the rightmost eight bits of the instruction word. 


M = (Bl) +m 
Index B2; i=0, r=109 


An index B2 modified address is formed by adding the contents of the B2 register to 
the rightmost eight bits of the instruction word. 


M = (B2) +m 
Relative Forward; i=0, r=l1l9 


A relative forward address is formed by adding the contents of the P register to the 
rightmost eight bits of the instruction word. 


M= (P) +m 
Indirect Address; i=l, r=009 


An indirect address is formed by reading the contents of the storage location 
designated by the rightmost eight bits of the instruction word. 


M = (m) 
Indirect/Index Bl; i=l, r=Ol9 
An indirect/index Bl modified address is formed by reading the contents of the 
storage location designated by the rightmost eight bits of the instruction word and 
adding the contents of the Bl register. 

M = (m) + (Bl) 
Indirect/Index B2; Format 1, i=l, r=109 
An indirect/index B2 modified address is formed by reading the contents of the 
storage location designated by the rightmost eight bits of the instruction word and 
adding the contents of the B2 register. 

M = (m) + (B2) 
Relative Backward; Format 1, i=l, r=ll9 


A relative backward address is formed by subtracting the rightmost eight bits of the 
instruction word from the contents of the P register. 


M= (P) -m 
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STACK POINTER 


The stack pointer resides at memory address 1. Entries into the stack will decrement the 
stack pointer (contents of address 1). See instruction definitions for Push Bl, B2 for 
details. Entries retrieved from the stack will increment the stack pointer. See 
instruction definitions for Pop Bl, B2 for details. 


DATA FORMATS 


Data within the arithmetic section of the processor may be treated as 16-bit words or 8-bit 
bytes. 


WORD FORMAT 
Registers and storage locations contain 16-bit words with the following bit designations: 
00 O01 02 03 04 05 06 O07 08 O9 10 11 12 13 14 15 


Bit 00 is the leftmost bit. For signed quantities, the "1" state denotes a negative twos 
complement quantity; the "0" state denotes a positive quantity. 


Bit 15 is the rightmost bit. 


BYTE FORMAT 


Registers and storage locations contain two 8-bit bytes within each 16-bit word with the 
following designations: 


00 O01 02 03 04 05 06 O7 08 09 10 11 12 13 14 15 
A 


Leftmost byte Rightmost byte 
The leftmost byte occupies bit positions 00 through 07. 


The rightmost byte occupies bit positions 08 through 15. 
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INTERNAL FLAGS 


CONDITION BIT 
The condition bit is an internal flag that may be altered and sensed by program means. In 
the set or "1" state, this flag is referred to as condition true. In the clear or "0" 
state, this flag is referred to as condition false. The following instructions are capable 
of altering the state of the condition bit: 

e Set Condition Equal Internal Tests 

e Set Condition Equal Bit t of (Bl+s) 

e Test Index Bl No Address 

e Test Index B2 No Address 

e Test Index Bl 


e Test Index B2 


e Search A Words/Bytes 


ADDER GENERATE BIT 


The adder generate bit constitutes the 17th output bit of the adder and reflects the 
generation of an end-off carry following operand arithmetic for the following instructions. 


e Add No Address 

e Subtract No Address 
e Add 

e Subtract 

e Replace Add 

e Replace Add One 


The adder generate bit is not intended to convey any information concerning what is 
conventionally referred to as arithmetic overflow. 


During multiple precision arithmetic operations the adder generate bit provides an 


indication of register overflow by its presence when adding like-signal operands and by its 
absence when subtracting like-signal operands. 
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INTERRUPT STATUS BIT 
The interrupt status bit is an internal flag that reflects the state of the 16 incoming 
interrupt lines. During each RNI, the 16 interrupt lines are sampled and held in the 


interrupt register. If any one of the interrupt signals is present, the interrupt status 
bit is set. Therefore, if no interrupts are present the interrupt status bit is cleared. 


INSTRUCTION EXECUTION TIMES 


The instruction execution times are listed in tables B-l and B-2 in the number of memory 
cycles required for each instruction. A memory cycle for the processor is 320 ns. 


The following characteristics should be noted: 


e The extra memory cycle usually required for indirect addressing is not required by 
all instructions. 


e Indexing of an address does not impose a penalty on instruction execution time. 


e The execution time for search and move instructions is dependent upon the number of 
words or bytes to be searched or moved. 


Hexadecimal codes not included in tables B-1 and B-2 are undefined and result in 
unconditional stop if used. 


INSTRUCTION DESCRIPTIONS 


Each detailed instruction description begins with a heading that includes the instruction 
mame and the associated hexadecimal code or range of codes. 


The instruction descriptions make extensive use of abbreviations that have been defined in 
preceding portions of this section. In addition, the subscripts i and f are used to denote 


initial and final, respectively, and refer to the contents of registers or storage locations. 


Instructions that serve no purpose other than to increment the (P) by one are referred to as 
resulting in no operation. 


Instruction words, in which bit positions are unused, must have those bits in the "0" 


state. Where unused bits in an instruction word are in the "1" state, the results of the 
instruction are undefined. 


SELECTIVE STOP—OO XX 


The execution of this instruction is dependent on the state of the selective SEOR: 
flip-flop. This flip-flop is set and cleared by the SMI. 


With the Selective Stop switch on, this instruction results in an immediate halt of program 
execution. 


With the Selective Stop switch off, this instruction results in no operation. 
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Table B-1. Instruction Times in Number of Storage 
Reference Cycles (Format 1) (Sheet 1 of 3) 


Storage 
Hex Reference 
Code Instruction Cycles 
OOXX Selective Stop 2 
010t Selective Set Bit t of A 2 
020t Selective Clear Bit t of A Z 
030t Selective Complement Bit t of A 2 
0400 Count of Leading Zeros in Aj ee. 3, 
0401 SWAP the Contents of A and Bl: A~+>Bl 3 
0402 SWAP the Contents of A and B2: A*—>>B2 3 
0403 Transfer Interrupt Register to A: INT—»A 2 
O5Xt Shift A Right t Places, End Off/Circular 2 
06XX Transfer A to Bl: A+ st —> Bl 2 
O7XX Transfer A to B2: A + st— > B2 2 
O8XX Set Condition Bit Equal Internal Tests 2 
O9Xt Set Condition Equal Bit t of (Bl + s) 3 
OAXt Selectively Set Bit t of (Bl + s) 4 
OBXt Selectively Clear Bit t of (Bl + s) 4 
OcxO Set (Bl + s) Per Ones in A 3 
Ocx1 Clear (Bl + s) Per Zeros in A 3 
Ocx2 Set (Bl + s) Per Zeros in A 4 
0Cx3 Clear (Bl + s) Per Ones in A 4 
ODXX Move A Words 4 + (3XN) 
Move A Bytes 6 + (2XN) 
OEXX Search A Words 5 + (2XN) 
Search A Bytes 4 + (3XN) 
OFOO Stop : X 
OFO1 Interrupt Return 3 
OFO2 Push: Bl, B2 5 
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Table B-l. Instruction Times in Number of Storage 
Reference Cycles (Format 1) (Sheet 2 of 3) 


Storage 

Hex Reference 
Code Instruction Cycles 
OFO3 POP: Bl, B2 5 
10XX Add — No Address 2 
11XX Subtract - No Address 2 
12XX Exclusive OR - No Address 2 
13XX Logical Product - No Address 2 
14XX Test Index Bl - No Address’ Bl=xx 2 

Bl#xx 3 
T5XX Test Index B2 - No Address B2=xx 2 

B2#xx 3 
16XX Load A Complement —- No Address 2 
17XX Load From (A)+xx 2 
FOXX Exit Interrupt State 10 
F1XX Return to Interrupted Program 8 
-F2XX Enable Interrupts 2 
F3XX Disable Hateeeises 2 
F4XX Return from Subroutine 3 
F5XX Subroutine Return Relative Backward 2 
F600 Code Conversion Using Table Left Byte 2+ (6XN) 
F601 Code Conversion Using Table Right Byte 2+ (6XN) 
F7mm Conditional Enable Interrupts 6 
F8mm Transfer Relative to Bl 4 
F9mm Transfer Relative to B2 4 
FAvv Case 3 
FBx0 Queue Put TOP 2. © 9/5 
FBpl Queue Put BOTTOM 13-17 
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Table B-l. Instruction Times in Number of Storage 
Reference Cycles (Format 1) (Sheet 3 of 3) 


Storage 
Reference 
Instruction Cycles 


Queue Get TOP 


Queue Check Limit 
Push to Stack 

POP from Stack 
Load A with ID 
Jump from A 


Jump from A Incremented 


Table B-2. Instruction Times in Number of Storage 
Reference Cycles (Format 2) (Sheet 1 of 2) 


. Addressing Mode 


Ind Ind 
Hex Index | Index | Rel Index | Index | Rel 
Code Instruction Direct Bl B2 Frwd | Ind Bl B2 Bkwd 
2 2 2 2 3 3 


18-1F | Enter A with Address 3 Z 
20-27 | Enter Bl with Address _ 2 Z ys 2 3 3 3 2 
28-2F | Enter B2 with Address 2 2 2 2 3 3 3 2 
30-37 | Test Index Bl 4 4 4 4 4 4 4 4 
38-3F | Test Index B2 4 4 4 4 4 4 4 4 
40-47 | Load A 3 3 3 3 3 3 3 3 
48-4F | Load A Complement 3 3 3 3 3 3 3 3 
50-57 | Load Leftmost Byte 3 3 3 3 3 3 3 3 
58-5F | Load Rightmost Byte 3 3 3 3 3 3 3 3 
60-67 | Add 3 3 3 cae ie 3 3 3 
68-6F | Subtract 3 3 3 3 | 3 3 3 3 
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Table B-2. Instruction Times in Number of Storage 
Reference Cycles (Format 2) (Sheet 2 of 2) 


Addressing Mode 
Ind Ind 
Hex Index | Index | Rel Index | Index | Rel 
Code Instruction Direct Bl B2 Frwd | Ind Bl B2  .| Bkwd 
3 3 3 3 3 3 4 


Exclusive OR 


Logical Product 


Replace Add 


Replace Add One 
Replace Leftmost Byte 


Replace Rightmost Byte 


Store 


Store Zeros 


Subroutine Jump 
Unconditional Jump 
A Zero Jump 


A = Zero 
A # Zero 


A Nonzero Jump 
A #0 
A=0 


A Positive Jump 


A Negative Jump 
AS = 
A=+ 


Condition True Jump 
True 
False 


Condition False Jump 
False 
True 
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SELECTIVE SET BIT t of A—O1 Ot 


This instruction unconditionally sets bit t of A, where the 4-bit designator t specifies one 
of the 16-bit positions in A. The remaining 15 bits of A are left unchanged. 


If bit t of A; was already in the set state, then the instruction effectively results in 
no operation. 


SELECTIVE CLEAR BIT t of A—O2 Ot 


This instruction unconditionally clears bit t of A, where the 4-bit designator t specifies 
one of the 16-bit positions in A. The remaining 15 bits of A are left unchanged. 


If bit t of Aj was already in the clear state, then the instruction effectively results in 
no operation. 


SELECTIVE COMPLEMENT BIT t of A—O3 Ot 


This instruction complements bit t of A, where the 4-bit designator t specifies one of the 
16-bit positions in A. The remaining 15 bits of A are left unchanged. 


The complement operation is performed so that when bit t of Ais set, bit t of Aj is 
clear; when bit tr¢ of Ay is clear, bit t of A¢ is set. 


COUNT OF LEADING ZEROS IN Aj TO Ag¢—04 00 


This instruction scans the contents of A; from left to right and transfers the count of 
leading zeros into A¢ as a 5-bit, right-justified quantity. The leftmost 11 bits of A¢ 
are cleared. 


SWAP THE CONTENTS OF A AND B1—04 01 


This instruction exchanges the contents of A and Bl. Therefore, the contents of A¢ equal 
Bl; and the contents of Bl¢ equal Aj. 


SWAP THE CONTENTS OF A AND B2—04 02 


This instruction exchanges the contents of A and B2. Therefore, the contents of Ag equal 
B2; and the contents of B2¢ equal Aj. 


TRANSFER INTERRUPT REGISTER TO A—04 03 


This instruction transfers the contents of the interrupt register to A. 
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SHIFT A RIGHT, t PLACES— 05 Ot and 05 8t 

This instruction shifts the A right t bit positions where t is a 4-bit shift count. 

The shift may be circular or end-off. When bit 08 of the instruction is a one, the shift is 
circular with the rightmost bits shifted end-around into the leftmost bit positions. When 
bit 08 of the instruction is a zero, the shift is end-off with zeros inserted into the 


leftmost bit positions. 


When t = 0, the instruction effectively results in no operation. 


TRANSFER A TO B1—06 XX 


This instruction adds the rightmost eight bits of the instruction word, with zeros extended, 
to the A and transfers the sum to Bl. 


The state of the adder generate bit is unaltered by the execution of this instruction. 


TRANSFER A TO B2—07 XX 


This instruction adds the rightmost eight bits of the instruction word, with zeros extended, 
to the A and transfers the sum to B2. 


The state of the adder generate bit is unaltered by the execution of this instruction. 


SET CONDITION BIT EQUAL INTERNAL TESTS—08 OX THROUGH 08 8X 


This instruction forces the state of the condition bit to reflect the state of the selected 
internal test(s), except when bit 08 is a "1". 


When bit 08 of the instruction word is a "1", the condition bit is unconditionally forced 
true. 


When bit 09 of the instruction word is a "1", the condition bit is forced true if the 
interrupt status bit is a "1". 


When bit 10 of the instruction word is a "1", the condition bit is forced true if the ALU 
carry out bit is a "1". 


When bit 11 of the instruction word is a "1", A is gated to the shift network with a right 
shift count of t and the condition bit is forced true if the rightmost bit at the output of 
the shift network, SNI15, is a "1". 


Since the selected internal tests will force the condition bit true on an inclusive or 
basis, all of the selected tests must be zero in order to force the condition bit to false. 
Likewise, if bits 08, 09, 10, and 11 of the instruction word are zeros, the condition bit is 
forced false. 
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SET CONDITION BIT EQUAL t OF (B1 + s)—O9 Xt 
This instruction gates the contents of memory location Bl + s to the shift network with a 


right shift count of t, and the condition bit is forced true if the rightmost bit at the 
output of the shift network, SN15, is a "1." 


SELECTIVELY SET BIT t OF (B1 + s)—OA Xt 


This instruction unconditionally sets bit t of the address designated by the (Bl +s). The 
remaining 15 bits of the address are left unchanged. 


If bit t of (Bl + s) was already in the set state, the instruction effectively results in no 
operation. 


SELECTIVELY CLEAR BIT t OF (B1 + s)—OB Xt 


This instruction unconditionally clears bit t of the address designated by (Bl + s). The 
remaining 15 bits of the address are unchanged. 


If bit t of (Bl + s) was already in the clear state, the instruction effectively results in 
no operation. 


SET (Bl + s) PER ONES IN A—OC XO 


This instruction unconditionally sets bits in the address designated by (Bl + s) according 
to the contents of A. 


This instruction sets bits in the designated address when corresponding ones are present in 
A. When zeros are present in A, corresponding bits in the designated address are unchanged. 


CLEAR (B1 + s) PER ZEROS IN A—OC X1 


This instruction unconditionally clears bits in the address designated by (Bl + s) according 
to the contents of A. 


This instruction clears bits in the designated address when corresponding zeros are present 
in A. Where ones are present in A, corresponding bits in the designated address are 
unchanged. 


SET (BI + s) PER ZEROS IN A—OC X2 


This instruction unconditionally sets bits in the address designated by (Bl + s) according 
to the contents in A. 


This instruction sets bits in the designated address when corresponding zeros are present in 
A. Where ones are present in A, corresponding bits in the designated address are unchanged. 


60459170 D B-15 


CLEAR (B1 + s) PER ONES IN A—OC X3 


This instruction unconditionally clears bits in the address designated by (Bl + s) according 
to the contents of A. 


This instruction clears bits in the designated address when corresponding ones are present 
in A. Where zeros are present in A, corresponding bits in the designated address are 
unchanged. 


MOVE A WORDS BYTES FROM (m) TO (m+1)—OD XX 


This instruction reads words/bytes starting at address (m) and stores them starting at 
address (m + 1), decrementing A by 1 for each word/byte stored until (A)/(A right byte) 
equal zero. 


The sign bit (bit 00) of A clear designates a word move of (A) (32,768j,9-1) words. 


The sign bit (bit 00) of A set designates a byte move of (A bits 07 through 15) (2569) 
bytes. 


When a byte move and bit 01 of A are clear, the first byte is read from address (m) left 
byte. If bit 01 of A is set, the byte move reads the first byte from address (m) right byte. 


If bit 02 of A is set, the first byte moved is stored into the right byte of the destination 
address. If bit 02 of A is clear, the first byte moved is stored into the left byte of the 
destination address. 


Bit 02 of A is undefined for a word move instruction. 
The instruction terminates a word/byte move when the (A)/(A right byte) equals zero. 


If a word move and (A) are equal to zero, the number of words moved is 65,536)9. If a 
byte move and A bits 07 through 15 are equal to zero, the number of bytes moved is 256j0. 


SEARCH A WORDS/BYTES—OE XX 


This instruction reads words/bytes starting at address (m)/(m left or right byte) and 
compares them with (m + 1)/(m + 1 right byte) until a find is made or (A)/(A right byte) is 
decremented to zero. 


The sign bit (bit 00) of A clear designates a search length of (A) (32,768,09-1) words. 
The sign bit (bit 00) of A set designates a search length of (A bits 07 through 15) 
(25610) bytes. 


When search bytes and bit 01 are clear, the search starts with address (m) left byte. If A 
bit O01 is set, the search starts with address (m) right byte. 


When the instruction is a search word and terminates with a find, the condition bit is set 


and Af equals the address of the find. If a terminate due to (A) equal zero, the condition 
‘bit is cleared and Af equals the last word address +l. 
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When the instruction is a search byte and terminates with a find, the condition bit is set 
and Af equals the byte number of the find. If the instruction terminates with (A) equal 
zero, the condition bit is cleared and Af bits 7 through 15 equal the initial byte count +l. 


STOP—OF 00 


This instruction performs an unconditional stop. 


INTERRUPT RETURN—OF 01 


This instruction clears interrupt mode. Clearing interrupt mode selects the normal program 
execution register set. 


The first instruction in job mode will be executed before checking for any interrupts. If 


the processor is in job mode when the instruction is executed, the processor treats the 
instruction as an illegal instruction and causes the processor to do an unconditional stop. 


PUSH: B1, B2—OF 02 
This instruction stores the contents of Bl and B2 into the push/pop stack. 
It stores index B2 at the current stack pointer address and index Bl at stack pointer 


address-l. Stack pointer f will equal stack pointer i-2. The contents of Bl and B2 are 
unaltered. 


POP: B1, B2—OF 03 
This instruction loads Bl and B2 from the push/pop stack. This instruction loads Bl with 


the contents of stack pointer i+l and B2 with the contents of stack pointer it2. Stack 
pointer f equals stack pointer it+2. 


ADD NO ADDRESS—10 XX 


This instruction adds the rightmost eight bits of the instruction word, with zeros extended 
to the (A); and transfers the sum to Ag. 


The adder generate bit receives the end-off carry from the adder at the time the result is 
transferred to A. 


SUBTRACT NO ADDRESS—11 XX 


This instruction subtracts the rightmost eight bits of the instruction word, with zeros 
extended, from the (A); and transfers the difference to Ag. , 


The adder generate bit receives the end-off carry from the adder at the time the result is 
transferred to A. 
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EXCLUSIVE OR NO ADDRESS—12 XX 


This instruction performs an exclusive OR with the rightmost eight bits of the instruction 
word and the rightmost eight bits of A; and places the result in Ag. The leftmost eight 


bits of A; remain unchanged. 


The exclusive OR operation is performed for the following truth table: 


Bit nt of Aj Bit n of A¢ 


Bit n of the 
Immediate Operand 


fn = 08 through 15 


LOGICAL PRODUCT NO ADDRESS—13 XX 


This instruction performs the logical product with the rightmost eight bits of the 


instruction word and the rightmost eight bits of A; and places the result in Ag. 
leftmost eight bits of A¢ are cleared. 


The logical product operation is performed per the following truth table: 


Bit n of the 
Bit ni of AG Immediate Operand Bit n of A¢ 


Tn = 08 through 15 
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TEST INDEX B1 NO ADDRESS—14 XX 


This instruction compares the rightmost eight bits of the instruction word with the 
rightmost eight bits initially contained in Bl. 


If the quantities are equal, the condition bit is forced true and the (Bl)i are left 
unchanged. 


If the quantities are not equal, the condition bit is forced false and the (Bl)i are 
increased by one; (Bl)i +1 —~> BIf. 


TEST INDEX B2 NO ADDRESS—15 XX 


This instruction compares the rightmost eight bits of the instruction word with the 
rightmost eight bits initially contained in B2. 


If the quantities are equal, the condition bit is forced true and the (B2)i are left 
unchanged. 


If the quantities are not equal, the condition bit is forced false and the (B2)i are 
increased by one; (B2)i +l ——~> B2f. 


LOAD A COMPLEMENT NO ADDRESS—16 XX 


This instruction performs the twos complement of the rightmost eight bits of the 
instruction word, with zeros extended, and transfers the result to A. 


LOAD FROM (A)—17 XX 


This instruction transfers the (M) to A. 


The execution address, M, is formed by adding the rightmost eight bits of the instruction 


word to the (A)i. 
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FORMAT 2 INSTRUCTIONS 


Table B-3 lists the format 2 instructions used to program the subsystem processor and the 
codes for the eight addressing modes used with each instruction. The hexadecimal codes for 
the f, i, and r fields for each instruction are given. A description of the addressing 
modes for the m field of format 2 instructions can be found under the heading of Instruction 
Formats described previously in this appendix. 


ENTER A WITH ADDRESS—18 XX THROUGH 1F XX 


This instruction transfers m (address after modification) to the A. The codes for the eight 
addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
18 XX m—~>A 
19 XX m+ (Bl)-—~A 
1A XX m+ (B2)—~A 
1B XX m+ (P)— A 
1c XX (m) —~> (A) 
1D XxX (m) + (Bl) —,A 
lE XX (m) + (B2) —>A 
IF XX —m + (P) —~A 


ENTER B1 WITH ADDRESS—20 XX THROUGH 27 XX 


This instruction transfers M (address after modification) to the Bl index register. The 
codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
20 XX m——> Bl 
21 XX m+ (Bl) — Bl 
22 XX m+ (B2) —~> Bl 
23 XX m+ (P)— Bl 
24 XX (m) —> Bl 
25 XX (m) + (Bl) —> Bl 
26 XX (m) + (B2) —> Bl 
27 XX -m + (P) —> Bl 
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ENTER B2 WITH ADDRESS—28 XX THROUGH 2F XX 


This instruction transfers M (address after modification) to the B2 index register. 
codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Cod 


28 
29 
2A 
2B 
2C 
2D 
2E 
2F 


e 


Operation 


m — > B2 
m+ (Bl) —»> B2 
m + (B2) —> B2 
m+ (P) — > B2 
(m) —~> B2 

(m) + (Bl) —> B2 
(m) + (B2) — > B2 
—m + (p) —> B2 


TEST INDEX B1—30 XX THROUGH 37 XX. 


The 


This instruction compares the contents of M (address after modification) with the contents 


of Bly. If equal, the condition bit is forced true (1 state) and the contents of Bly 
If unequal, the condition bit is forced false (0 state) and the contents 
of Bl; are incremented by one and transferred to Bl¢. 


are not changed. 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Cod 
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e 


Execution 
Address 


m 
m+ (Bl) 
m + (B2) 
m+ (P) 
(m) 

(m) + (B1) 
(m) + (B2) 
-m + (p) 


Table B-3. Format 2 Instructions Used to Program Subsystem Processor 


Addressing Mode 


Ind Ind 
Index Index Rel Index Index Rel 
Instruction Direct Bl B2 Frwd Ind Bl —=&B2 Bkwd 


Enter A with address 


Enter Bl with address 
Enter B2 with address 


Test index Bl 
Test index B2 


Load A 
Load A complement 


Load leftmost byte 
Load rightmost byte 


Add 
Subtract 


Exclusive OR 
Logical product 


Replace add 
Replace add one 


Replace 
Replace 


leftmost byte 
rightmost byte 


Store 
Store zeros 


Subroutine jump 
Unconditional jump 


A zero jump 
A nonzero jump 


A positive jump 
A negative jump 


Condition true jump 
Condition false jump 


TEST INDEX B2—38 XX THROUGH 3F XX 


This instruction compares the contents of M (address after modification) with the contents 
of B2;. If equal, the condition bit is forced true (1 state) and the contents of B2; 

are not changed. If unequal, the condition bit is forced false (0 state) and the contents 
of B2; are incremented by one and transferred to B2¢. 
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The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal Execution 
Code Address 
38 XX m 
39 XX m+ (Bl) 
3A XX m+ (B2) 
3B XX m+ (P) 
3C XX (m) 
3D XX (m) + (Bl) 
3E XX (m) + (B2) 
3F XX -m + (P) 


LOAD A—40 XX THROUGH 47 XX 


This instruction transfers the contents of M (address after modification) to the A register. 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
40 XX (2) — A¢ 
41 XxX (m + (Bl) ) — > Ag 
42 XX (m + (B2) ) —> Ag 
43 XX (m + (P) ) —> Ag 
44 XX ( (m) ) —> Ag 
45 XX ( (m) + (Bl) ) — > Ag 
46 XX ( (m) + (B2) ) — > Ag 
47 XX (-m + (P) ) — > Ag 


LOAD A COMPLEMENT—48 XX THROUGH 4F XX 
This instruction transfers the two’s complement of the contents of M to the A register. 


The two’s complement of 0000)¢ and 8000;6 leaves the number unaltered. The hardware 
does not detect these as exceptions. 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
48 XX COMP OF (m) ——> A¢ 
49 XX COMP OF (m + (Bl) ) — > Ag 
4A XX COMP OF (m + (B2) ) — > Ag 
4B XX COMP OF (m + (P) ) —> Ag 
4C XX COMP OF ( (m) ) ——> Ag 
4D XX _ COMP OF ( (m) + (Bl) ) — > Ag 
4E XX COMP OF ( (m) + (B2) ) — > Arg 
4F XX COMP OF (-m + (P) ) —»Ag¢ 
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LOAD LEFTMOST BYTE—50 XX THROUGH 57 XX 
This instruction transfers the leftmost byte from the contents of M (address after 
modification) to the rightmost byte position in the A register and clears the leftmost byte 


in the A register. 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
50 XX LEFTMOST BYTE FROM m——>> Ag 
51 XX LEFTMOST BYTE FROM m + (Bl) —> Ag 
52 XX LEFTMOST BYTE FROM m + (B2) ——> Ag 
53 XX LEFTMOST BYTE FROM m + (P) —~> Ag 
54 XX LEFTMOST BYTE FROM (m) ——> Ag 
55 XX LEFTMOST BYTE FROM (m) + (Bl) -—~> Ag 
56 XX LEFTMOST BYTE FROM (m) + (B2) ——> Ag 
57 XX LEFTMOST BYTE FROM -m + (P) — > Ag 


LOAD RIGHTMOST BYTE—58 XX THROUGH 5F XX 
This instruction transfers the rightmost byte from the contents of M (address after 
modification) to the rightmost byte position in the A register and clears the leftmost byte 


in the A register. 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
58 XX RIGHTMOST BYTE FROM m——> Ag 
59 XX RIGHTMOST BYTE FROM m + (Bl) — > Ag 
5A XX RIGHTMOST BYTE FROM m — (B2) —»> Ag 
5B XX RIGHTMOST BYTE FROM m —- (P) —» Ag 
5C XX RIGHTMOST BYTE FROM (m) —> Ag 
5D XX RIGHTMOST BYTE FROM (m) + (Bl) —~> Ag 
5E XX RIGHTMOST BYTE FROM (m) + (B2) —> Ag 
5F XX RIGHTMOST BYTE FROM -m + (P) ——> Ag 


ADD—60 XX THROUGH 67 XX 


This instruction adds the contents of memory location M (address after modification) to the 
contents of the A register (Aj) and transfers the sum to the A register (Ag). The adder 
generate bit receives the end-off carry. 
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The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
60 XX (m) — (Ay) —> Ag 
61 XX (m + (Bl) ) + (Ay) —> Ag 
62 XX (m + (B2) ) + (Ay) —> Ag 
63 XX (m+ (P) ) + (Ay) — > Ag 
65 XX ( (m) + (Bl) ) + (Ay) —> Ag 
66 XX ( (m) + (B2) ) + (Ay) —> Ag 
67 XX (-m + (P) ) + (Ay) —> Ag 


SUBTRACT—68 XX THROUGH 6F XX 


This instruction subtracts the contents of memory location M (address after modification) 
from the contents of the A register (A;) and transfers the difference to the A register 
(Ag). The adder generate bit receives the end-off carry. 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
68 XX (m) az (A; ) a aa Agr 
69 XX (m + (B1) ) — (Ay) — > Ag 
6A XX (m + (B2) ) — (Ay) — > Ag 
6B XX (m + (P) ) - (Ay) > Ag 
6C XX ( (m) ) - (Ay) —> Ag 
6D XX ( (m) + (Bl) ) -— (Ay) —> Ag 
6E XX ( (m) + (B2) ) - (Ay) —> ag 
6F XX (-m + (FP) ) — (Ay) > Ae 


EXCLUSIVE OR—70 XX THROUGH 77 XX © 
This instruction performs an exclusive OR with the contents of memory location M (address 
after modification) and the contents of the A register (Aj); the result is transferred to 


the A register (Ag). 


The exclusive OR operation is performed according to the following truth table: 
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The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Co 


70 
71 
72 
73 
74 
75 
76 
77 


de 
XX 
XX 
XX 
XX 
XX 
XX 
XX 


XX 


Operation 


(m) + (Ay) —> Ag 

(m + (Bl) ) + (Ay) — > Ag 
(m + (B2) ) + (Ay) —» Ag 
(m+ (P) ) + (Ay) —> Ag 

( (m) ) + (Az) —> Ag 

( Gm) + (BIL) ) + (Ay) > Ag 
C (m) + (B2) ) ~ (Ay) > Ag 
(-m + (P) ) + (Ay) —> Ag 


LOGICAL PRODUCT—78 XX THROUGH 7F XX 


This instruction performs a logical product with the contents of memory location M (address 
after modification) and the contents of the A register (Aj); the results are transferred 
to the A register (Af). 


The logical product operation is performed according to the following truth table: 


Bit n of Ag 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Co 


78 
79 


de 


Bg 63 be $e be 63 BE 88 


Operation 


(m) (Ay) —> Ag 

(m + (B1) ) (Ay) ——> Ag 

(m + (B2) ) (Ay) —> Ag 
(m+ (P) ) (Ay) —> Ag 

( (m) ) (Ay) —> Ag 

( (m) + (Bl) ) (Ay) ~> Ag 
( (m) + (B2) ) (Ay) —> Ag 
(-m +(P) ) (Ay) > Ag 
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REPLACE ADD—80 XX THROUGH 87 XX 


This instruction adds the contents of memory location M; (initial address after 
modification to the contents of the A register (A;) and transfers the sum to the A 
register (Ag) and to Mg.- The adder generate bit receives the end-off carry. 


Hexadecimal 
Code Operation 
80 (m) + (Ay) — > Ag, ME 
81 (m + (Bl) ) + (Ay) —> Ag, Me 
82 (m + (B2) ) + (Ay) —> Ag, Me 


(m + (P) ) + (A; ) — > Ag Mg 

( (m) ) + (Ay) —> Ag, Me 

( (m) + (B1) ) + (Ay) —> Ag, Me 
( (m) + (B2) ) + (Ay) —> Ag, Me 
(-m + (P) ) + (Ay) —> Ag, Me 


bg BS BS ke be be 53 BS 


REPLACE ADD ONE—88 XX THROUGH 8F XX 


This instruction adds one to the memory location My (address after modification) and 
transfers the result to M¢ and the A register (Af). The adder generate bit receives the 
end-off carry. 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
88 XX (m) + 1 — > Ag, Me 
89 XX (m+ (Bl) ) + DBs Mr 
8A XX Ca (BZ): ). 1 Ap, Me 
8B XX (m+ (P) ) + 1—~> Ag, Meg 
8C XX ( (m) ) + 1— > Ag, Me 
8D XX ( (m) + (BL) ) + 1— > Ag, Me 
8E XX ( (m) + (B2) ) + 1— > Ag, Meg 
8F XX (=n CP): ) fh Da Ag y ME 


REPLACE LEFTMOST BYTE—90 XX THROUGH 97 XX 
This instruction stores the rightmost byte of the contents of the A register (Aj) into the 


leftmost byte position of storage location M (address after modification). The rightmost 
byte of M is left unchanged, and (Ag) = (Mg). 
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The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Code 


REPLACE RIGHTMOST BYTE—98 XX THROUGH 9F XX 


£3 63 6S £2 £3 53 BE be 


Operation 


Ag-p —> 0-7 

Ag-p —> m +(B1)0-7 
Ag-p —> m + (B2)0-7 
Ag-- —> m+ (P)0-7 
Ag-p ——> (m)0-7 
Ag-p ——> (m) + (B1)09-7 
Ag-p —> (m) + (B2)0-7 
Ag--p —> -m + (P)0-7 


This instruction stores the rightmost byte of the contents of the A register (A;) into the 


rightmost byte position of storage location M (address after modification). 


byte of M is unchanged, and (Ag) = (Mg). 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Code 


Operation 


Ag-p —> mg-F 

Ag--p —> m+ (Bl) g-F 
Ag-p —>m + (B2)g-F 
Ag-p —>m + (P)g-F 
Ag-F —> (m)8-F 

Ag-F —>(m) + (Bl) g-p 
Ag-F -—~> (m) + (B2) 9-7 
Ag-— —>-m + (P)g-F 


STORE—AO XX THROUGH A7 XX 


The leftmost 


This instruction stores the contents of the A register at memory location M (address after 


modification). 
The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Code 


AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 


Be be Be be be 03 BS be 


Operation 


(A) —~> on 

(A) —~> m + (Bl) 
(A) —~> m + (B2) 
(A) —~> m+ (P) 
(A) —> (m) 

(A) —> (m) + (B1) 
(A) —> (m) + (B2) 
(A) > -m + (P) 


60459170 D 


STORE ZEROS—A8 XX THROUGH AF XX 
This instruction stores all zeros at storage location M (address after modification). 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
A8 XX Oo—>n 
AI XX O—>m + (Bl) 
AA XX O—>m + (B2) 
AB XX O—~> m+ (P) 
AC XX 0o—~> (m) 
AD XX O—~> (m) + (Bl) 
AE XX O—~> (m) + (B2) 
AF XX O—> -m +(P) 


JUMP INSTRUCTIONS 


Only jump instructions are capable of using execution address M as the address of the next 
instruction. The exercise of this capability is referred to as a jump exit. 


Unless a jump exit is specified, all instructions perform a normal exit in which the address 
of the next instruction is formed by adding one to the address of the current instruction. 


Conditional jump instructions for which the jump conditions are not met perform a normal 
exit. 


Subroutine Jump Instruction—BO XX Through B7 XX 
This instruction stores the current P register at the designated location M and gives 
control at location Mtl. The instruction at location Mtl is executed before the next 
interrupt is allowed to occur by performing the following steps: 

1. Read address m (contains address M). 

2. Store reg O (P) at location M. 

3. Increment address M. 


4. Store address M in reg 0 (P). 


5. Execute next instruction (current reg 0) before allowing interrupt to be recognized. 


Unconditional Jump—BB XX Through BF XX 


This instruction unconditionally performs a jump exit to the specified storage location M 
(address after modification). 
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The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Code 


B8 
B9 
BA 
BB 
BC 
BD 
BE 
BF 


co 3 83 Be Be ke 


q. Gs. Ga. Gu. Ga. Ge Gi Ce 


A Zero Jump—CO XX Through C7 XX 


— nm 
—>m+ (Bl) 
—>m + (B2) 
—>mt+ (P) 
—> (m) 

— > (m) + (Bl) 
— > (m) + (B2) 
— > -m + (P) 


Operation 


This instruction performs a jump exit to the specified storage location M (address after 
modification) if the A register contains all zeros (0000)¢). 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 


Code 


co 
Cl 
C2 
C3 
C4 
C5 
C6 
C7 


A Nonzero Jump—C8 XX Through CF XX 


bg BS 53 63 83 6o 6S be 


If 
If 
If 
If 
If 
If 
If 
If 


(A) = 
CA} = 
(A) = 


(A) 
(A) 


(A) = 
(A) = 
(A) = 


coocooo°o 


w w ~) ww ww ~~ w ww 


Operation 


Dimes 

j —  m + (Bl) 
j— m+ (B2) 
J CP) 

j => Cn) 

j— (m) + (BL) 
j — (m) + (B2) 
j— -m+ (P) 


This instruction performs a jump exit to the specified storage location M (address after 
modification) if the A register does not contain all zeros (0000j¢). 


Hexadecimal 

Code 
C8 XX 

C9 XX 
CA XX 
CB XX 
CC XX 
CD XX 
‘CE XX 
CF XX 


If 
If 
If 
If 
If 
Lf 
If 


If 


(A) 
(A) 
(A) 
(A) 
(A) 


(A) 


(A) 
(A) 


oo 


oooooco°co 


wv ww we we we ew 


Operation 


——p- 

—>m + (Bl) 
—>m + (B2) 
—>m+ (P) 
—- (m) 

— (m) + (Bl) 
— > (m) + (B2) 
—- -m + (P) 


Cute Gate Cre Cote Ce Ce Ca, Ce 
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A Positive Jump—DO XX Through D7 XX 


This instruction performs a jump exit to the specified storage location M (address after 
modification) if the contents of the A register are equal to or greater than zero 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
DO XX If (A) > 0, j—~>no 
Dl XX If (A) > 0, 7} —~> m+ (Bl) 
D2 XX If (A) > 0, j —»m + (B2) 
D3 XX If (A) > 0, j —» m+ (P) 
D4 XX If (A) > 0, j — (n) 
D5 XX If (A) > 0, j—~> (m) + (81) 
D6 XX If (A) > 0, 7 —> (m) + (B2) 
D2 Xk If (A) > 0, 3 —> -m + (P) 


A Negative Jump—D8 XX Through DF XX 


This instruction performs a jump exit to the specified storage location M (address after 
modification) if the contents of the A register are less than zero (< 0000)6). 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
D8 XX If (A) <0, j—>mo 
D9 XX If (A) < 0, 7 —>m + (B1) 
DA XX If (A) < 0, j —>m + (B2) 
DB XX If (A) < 0, j —~>m+t (P) 
DC XX If (A) < 0, j —> (m) 
DD XX If (A) < 0, 7 — (m) + (B1) 
DE XX If (A) < 0, j| —> (m) + (B2) 
DF XX If (A) < 0, 7 —~> -m + (P) 


Condition True Jump—EO XX Through E7 XX 


This instruction performs a jump exit to the specified storage location M (address after 
modification) if the condition bit (internal flag) is true (1 state). 
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The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
EO XX If CB=1, j—~> nm 
El XxX If CB = 1, j——~> m+ (Bl) 
E2 XX If CB = 1, j—~> m+ (B2) 
E3 XX If CB = 1, j—~> m+ (P) 
E4 XX If CB=1, j-—~> (m) 
E5 XX If CB = 1, j-——~ (m) + (B1) 
E6 XX If CB = 1, j——~> (m) + (B2) 
E7 XX If CB=1, j-—~> -m + (P) 


Condition False Jump—E8 XX Through EF XX 


This instruction performs a jump exit to the specified storage location M (address after 
modification) if the condition bit (internal flag) is false (0 state). 


The codes for the eight addressing modes used with this instruction are as follows: 


Hexadecimal 
Code Operation 
E8 XX > If CB = 0, j-—~> an 
E9 XX If CB = 0, j—~>  m + (Bl) 
EA XX If CB = 0, j}—~> m+ (B2) 
EB XX If CB = 0, j—~> m+ (P) 
EC XX If CB = 0, j-—~> (n) 
ED XX If CB = 0, j—»> (m) + (Bl) 
EE XX If CB = 0, j}——~> (m) + (B2) 
EF XX If CB =0, j——~> -m + (P) 


EXIT INTERRUPT STATE INSTRUCTION—FO XX 


This instruction saves job mode registers and status in a stack. The stack address is 
specified in the instruction. Upon completion of this instruction, the interrupt system is 
left disabled and control is given to the next sequential memory location (P+l). 


This instruction does not alter the state of the condition bit or adder generate bit when 
‘the processor enters job mode and, therefore, does not reflect the state of the condition 
bit and adder generate bit in the job mode registers. If the processor is in job mode when 
this instruction is executed, the processor treats the instruction as an illegal instruction 
and causes the processor to do an unconditional stop. 


e Instruction format: 


1141100 00 
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r) Procedure: 
1. Read address m (direct cell) (contains address M). 


2. Store status at address M. 


3. Store register 3 contents = (B2) at M-l. 
4. Store register 2 contents = (Bl) at M-2. 
5. Store register 1 contents = (A) at M-3. 
6. Store register 0 contents = (P) at M-4. 


7. Store M-5 at address m. 
8. Move reg 8 to reg 0 (interrupt P to job mode P). 
9. Switch to use job mode registers (0-7). 


10. Execute next instruction at Ptl. 


co) Output: 
m Output 
M-5 
M-4 P 
M-3 A 
M-2 Bl From interrupted job mode program 
M-1 B2 
M Status 


The condition and adder generate bits are 
not changed by this instruction. The 
execution of this instruction in job mode is 
illegal and causes the processor to do an 
unconditional stop. 


RETURN TO INTERRUPTED PROGRAM INSTRUCTION—F1 XX 


This instruction is used to return control to the original interrupted program (after exit 
interrupt state instruction). The return to interrupted program instruction can be executed 
in either interrupt mode or job mode. The state of the interrupt system is unchanged. 
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Instruction format: 


Read address m (direct cell) (contains address M). 


at 


at 


at 


at 


at 


address Mtl, store in 


address M+2, 
address M+3, 
address M+4, 


address M+t5, 


store 


store 


store 


store 


in 


in 


in 


in 


register O = (P). 


register 1 = (A). 
register 2 = (Bl). 
register 3 = (B2). 


status register. 


Increment address M by 5, store at address m. 


Exit to address in reg 0 (P). 


Procedure: 

1. 

2. Fetch data 
3. Fetch data 
4. Fetch data 
5. Fetch data 
6. Fetch data 
7. 

8. 

Output: 


|B 


Reg O (P) 
Reg 1 (A) 
Reg 2 (Bl) 
Reg 3 (B2) 
Status 


It 


This instruction may be executed in interrupt 


M+5 


(M+1)_ 
(M+2) 
(M+3) 
(M+4) 
(M+5) 


mode or job mode. 
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ENABLE INTERRUPTS INSTRUCTION—F2 XX 


This instruction enables the interrupt system. The address field in this instruction is 
meaningless. 


e Instruction format: 


e Procedure: 
1. Logically allow the recognition of any hardware interrupt. 
2. Continue using the current register set. 


3. Execute the next instruction before checking for any interrupt. 


This instruction may be executed in interrupt 
mode or job mode. 


DISABLE INTERRUPTS INSTRUCTION—F3 XX 


This instruction disables the interrupt system. The address field in this instruction is 
meaningless. 


e Instruction format: 


e Procedure: 
1. Logically prevent the recognition of any interrupt. 
2. Continue using the current register set. 


3. Execute next instruction at Ptl. 
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This instruction may be executed in interrupt 
mode or job mode. 


RETURN FROM SUBROUTINE INSTRUCTION—F4 XX 


This instruction returns control from a subroutine entered via the subroutine jump 
instruction. 


e Instruction format: 


11110100 


e Procedure: 


1. Read address m (contains address M). 
2. Store contents of address M in reg U (P). 


3. Execute next instruction at location Ptl. 


SUBROUTINE RETURN RELATIVE BACKWARD—F5 XX 


This instruction returns control from a subroutine entered via the subroutine jump 
instruction. 


e Instruction format: 


-@ Procedure: 
1. Form address M = (P-m). 
2. Store contents of address M in reg O (P). 


3. Execute next instruction at location Ptl. 
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CODE CONVERSION RELATIVE FORWARD—F60X (Where X = O YYYY or 1) 


This instruction reads words starting at the address defined by the contents of Bl using the 
leftmost character of the word to index into the code conversion table defined by 
instruction address YYYY (YYYY is at P+l) relative forward. It substitutes the value found 
in the left byte of the table entry if X equals 0, or the value found in the right byte of 
the table entry if X equals 1, and stores this value into the left byte of the address 
defined by the contents of B2. The right byte of the word is then converted in the same 
manner and stored into the right byte of the word defined by B2. The length in words 
contained in A is decremented by one and when A equals zero, the instruction terminates. 


If executed in job mode, this instruction 
can be interrupted following the conversion 
of each word. Instructions F602 through 
FEFF are undefined and cause the processor 
to perform an unconditional stop. 


CONDITIONAL ENABLE INTERRUPTS—F7mm 


This instruction tests the contents of location mm. If bit 0 of location mm is clear, 
interrupts are enabled. If bit 0 is set, this instruction results in no operation. RNI is 
at P+l. 


TRANSFER RELATIVE TO BI—F8mm 


This instruction causes the formation of effective address Ptmm, the contents of which are 
loaded into register Bl. RNI follows at P+tl. 


Bit 8 is the direction bit; therefore, the 
relative range is +127 words. 


TRANSFER RELATIVE TO B2—F9mm 


This instruction causes the formation of effective address Pt+tmm, the contents of which are 
loaded into register B2. RNI follows at P+tl. 


Bit 8 is the direction bit; therefore, the 
relative range is +127 words. 
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CASE—FAvv 


This instruction compares vv with the contents of register A. If the contents of register A 
> vv, RNI is at (P+l). If the contents of register A < vv, RNI is at (P+2+(A)). 


P Case 

P+1 Out of range - RNI address held here 
P+2 (A) = O - RNI address held here 

P+3 (A) = 1 - RNI address held here 

P+4 (A) = 2 - RNI address held here 

etc. etc. 


If vv = 0, then (A) is always out of range. 


QUEUE INSTRUCTIONS—FBXX 


Each of four queve instructions operate with an associated queue control block (QCB). QCB 
consists of four elements arranged in the following format: 


Contains total number of 


——__——__—— entries in the queue. 

Contains address of the 
top entry in queue. 
Contains address of the 

bottom entry in queue. 


Variable flags - Content differs 
with various queue instructions. 


An initialized queue that contains no entries has a QCB in the following state: 


P=] 
Count location contains all zeros, 
P indicating no entries in queue. 
P+] The terminator fills the top location, 
indicating empty queue. 
P+2 
Bottom location directs to 
P+3 start of QCB-l. 


Contains either limit or D/RC 
depending on the individual queue 
instruction. 


B-38 60459170 


Limit defines queue capacity. 


Each queue entry is defined by a parameter list unique to that specific entry. The third 

word in the parameter list is referred to as the thread word. The thread word contains the 
address of the subsequent queue entry; therefore, all queue entries are linked together with 
thread words. The thread word of an entry in the bottom location of queue does not contain 
an address but rather a terminator word (FFFF) indicating end of queue. 


Queue Put Top—FBXO 


This instruction executes assuming the contents of register B2 point to QCB, and register A 


contains the entry to be added to queue. With both conditions satisfied, this instruction 
accomplishes the following: 


® Places the address contained in register A into queue at the top location of QCB. 


) Forces the entry initially occupying the top location of QCB to be replaced at the 
next lower location in the queue. 


Upon placement of the new entry into queue 
top, the thread word of that entry becomes 
equivalent to the address of the entry 
initially occupying the top location. 


Increments the queue count by one reflecting the increase in the number of entries 
in queue. 


RNI follows at the address contents at 
exit, RNI at (P+2). 
instruction. 


P+l if the thread word was nonzero. With normal 
Registers Bl, B2, and A are unchanged at the completion of this 


Queue Put Bottom—FBp!1 


This instruction executes assuming the contents of register B2 point to QCB, and register A 


contains the entry to be added to queue. With both conditions satisfied, this instruction 
accomplishes the following: 


e Places the address contained in register A into queue at the bottom location of 
QCB. 
e Forces the entry initially occupying the bottom location of QCB to be replaced at 
the next higher location of queue. 
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Upon placement of the new entry into queue 
bottom, the entry initially occupying bottom 
moves up the queue and acquires a thread 
word containing the address of the new 
entry. As a result, the new entry’s thread 
word contains the terminator (FFFF) which 
indicates end of queue. 


e Increments the queue count by one reflecting the increase in the number of entries 
in queue. 


e Clears the condition bit, followed by one of a variety of options determined by the 
state of the p bits (py=bit 10, p9=bit 11). 


- If pj is set, decrement RC (right byte). 
- If py is clear, continue normally. 


- If pg is set, check D (bit 0); if D=1, clear D and set condition bit; if D=0, 
clear condition bit. 


= If pg is clear, continue normally. 
RNI follows at the address contained at P+l if the thread word was nonzero. With normal 


exit, RNI at (P+2). Registers Bl, B2, and A are unchanged at the completion of this 
instruction. ; 


Queue Get Top—FBp2 


This instruction is executed assuming that the contents of register B2 point to QCB. Three 
various actions may be taken as a result of this instruction depending on the condition of 
bits p, and pg of the instruction word: 


e If bits p, and p2 are cleared: 
= A compare between queue count and queue limit is performed. If count = limit, 
the condition bit is set indicating queue space is available. If count # limit, 


the condition bit is cleared. 


- And if count is nonzero, the entry whose address is defined by the contents of 
register A is removed from the queue and queue count is decremented. 


e If bit p) is set: 
- The last entry is checked. If the last entry is in the queue, then RC 


(rightmost eight bits of flag location in QBC) must be nonzero for the entry to 
be removed. 


-- If count 1, and RC 0, then no entry is removed. 


—- If count = 1, and RC # 0, or 


-- If count > 1, then the top entry is removed. 
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e If bit po is a set: 


= RC increments if an entry is removed (GOT) from queue. If an entry is not GOT, 
Dis set. 


The following conditions apply to all three variations of this instruction. 
e RNI is at one of the following: 
- (P+l) if queue is empty 
- (P+2) if last entry is removed 
- (P+3) if not last entry 
e The contents of register A point to the entry to be GOT. 
e Completion of the instruction leaves registers Bl and B2 unchanged. 


e The thread word of the removed entry is set to zero. 


Queue Check Limit—FBX3 

This instruction executes assuming that the contents of register A point to QCB. This 
instruction causes the contents of count to be subtracted from the contents of limit. The 
result is placed into the A register. 


If count > limit, RNI is at (P+l). 


If count < limit, RNI is at (P+2). 
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PUSH TO STACK—FDXX 


This instruction pushes the contents of registers B2, Bl, and A respectively, into the 
push/pop stack beginning at the direct cell address contained in XX. The stack pointer 
decrements from the direct cell address by three as B2, Bl, and A are pushed into the 
stack. This instruction exits without changing the contents of the registers. RNI is at 
P+l. 


POP FROM STACK—FEXX 


This instruction pops registers B2, Bl, and A from the push/pop stack as the stack pointer 
increments by three from the address contained in XX. This instruction exits without 
changing the contents of the registers. RNI is at Ptl. 


ENTER A WITH ID—FFOO 


This instruction enters an 8-bit value into the right byte of the A register, with zeros 
forced into the left byte of A. The value entered is determined by the presence or absence 
of grounds on the following listed module backpanel pins (a grounded pin causes the 
corresponding bit to be set). 


Pin A Register Bit 
AO8P2A29 8 
AO8P2B29 9 
A08P2A30 10 
A08P2B30 ll 
A08P2A31 12 
AO8P2B31 13 
AO8P2A32 14 
AO8P2B32 15 


Pins are left ungrounded when the coupler is fabricated. If this instruction were used, the 
appropriate pins would be grounded as part of the installation procedure. 


JUMP FROM A—FFO1 


This instruction causes the program to jump to the address contained in register A. 
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JUMP FROM A INCREMENT 1—FFO2 


This instruction causes the program to jump to the address contained in register Atl. 


PROCESSOR CONTROL INTERFACE SIGNALS 


The processor control interface consists of 12 signals and provides the facilities for 
externally controlling and monitoring certain processor operations. These are defined in 
the following paragraphs. (Note that all signals are not used in the CYBER channel coupler; 
refer to the logic diagrams for specific signal usage.) 


MASTER CLEAR 

This signal, when zero, clears parity error status and forces the microsequencer address to 
zero. When this signal returns to a one, the microsequencer executes the microcode master 
‘clear sequence. 

The master clear sequence clears the processor operating registers, condition bit, and 
overflow flip-flops. The master clear sequence also sets bit 9 of the status register 
(memory location E) and conditions the microsequencer for the initial go and interrupt 


return instructions (activates interrupt). Any step command, memory parity error, or stop 
instruction clears bit 9 of the status register. 


GO 
This signal, when a zero, sets the processor Go flip-flop. If a Master Clear has not 
occurred since the last Step command, memory parity error, or stop instruction, sensing the 
Go flip-flop set causes the microsequencer to load the processor operating registers as 
follows: 

1. Load P register with the contents of memory address 6. 

2. Load A register with the contents of memory address 7. 

3. Load Bl register with the contents of memory address 8. 

4. Load B2 register with the contents of memory address 9. 

5. Load Sl register with the contents of memory address A. 

6. Load S2 register with the contents of memory address B. 

7. Load S3 register with the contents of memory address C. 


8. Load S4 register with the contents of memory address D. 


9. Set condition bit equal bit O and the overflow flip-flop equal bit 1 of memory 
address E. 
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If a Master Clear has occurred, the processor operating registers are not loaded (remain 
In either case the microsequencer then returns execution to read the instruction 


cleared). 
designated by the P register. 
memory location 0.) 


STEP (STOP) 


This signal, 
upon sensing 
and proceeds 
first a Stop 


The register 


follows: 


Address 


Process 


Bit 


The Go flip-flop 


cleared. 


Memory Read Data Register 


= Instruction Register 
= P Register 
= A Register 


= Bl 
= B2 


= $2 
= $3 
= Sh 


Register 
Register 
Register 
Register 
Register 
Register 


= Status Register 
= Interrupt Register 


4 
5 
6 
7 
8 
9 
A= Sl 
B 
C 
D 
E 
F 


OANA ULF WH KE © 


Status (Memory address E) 


= Condition Bit 
Overflow 
= Interrupt Status F/F 
= Interrupt Mode F/F 

= Parity Error Address Bit 0 Defines Board 0, 1, 2, or 3 
= Parity Error Address Bit 1 
= Parity Error Address Bit 2 Defines Bank 0, 1, 2, or 3 
= Parity Error Address Bit 3 

= Parity Error (Set Via Microcode) 
= Master Clear Status 


10 = Not Used - always should be zeros 


11 = Interrupt 


12 = Interrupt 
13 = Interrupt 


14 = Interrupt 


15 = Interrupt 


Number Decode 


Number Decode 
Number Decode 


Number Decode 


Number Decode 


the idle or stopped state until Go is set. 


(If a Master Clear had occurred, execution will begin at 


when zero, sets the processor Step flip-flop. Assuming the processor is running 
the Step flip-flop set, the microsequencer saves the current program address +1 
to execute the register display sequence. 
and then a Go signal is given the processor by the interface hardware. 


Then, the processor idles. To Step, 


display sequence stores the processor registers into instruction memory as 


is cleared, and if there is not a parity error, the Stop flip-flop is 
The microsequencer then idles, sensing the Go flip-flop. 


The processor remains in 
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WAIT 


This signal requests that the processor relinquish the bus time slot. The maintenance board 
of the CYBER channel coupler uses this signal to gain access to memory. 


SELECTIVE STOP 


When this signal is a zero, the selective stop instruction stops processor execution and 
clears the Go flip-flop. A high on this input causes the selective stop instruction to be 
interpreted as a NOP. 


NOT RUNNING STATUS 


Indicates that the processor is stopped. In this state, processor operation may be 
initiated only by the receipt of a Go. 


ABNORMAL STATUS 


Indicates that the processor will execute a single instruction upon receipt of a Go signal, 
or that a memory parity error is present. 


WAITING STATUS 


Indicates that the processor has recognized the Wait signal (see Wait) and has given up its 
bus time slot. 


READ NEXT INSTRUCTION STATUS 


Indicates that the current bus reference is for the purpose of reading an instruction. 


READ ADDRESS STATUS 


Indicates that the current bus reference is for the purpose of reading an address during the 
execution of an instruction which specifies indirect addressing or the stack pointer. 


READ OPERATION STATUS 


This status output in the low state indicates that the current bus reference is for the 
purpose of reading an operand. 
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WRITE OPERATION STATUS 


This status output in the low state indicates that the current bus reference is for the 
purpose of storing an operand. 


INSTRUCTION TABLES 


Tables B-4 and B-5 contain a summary of the mnemonics and hexadecimal codes for the various 
processor instructions. Table B-5 also provides a summary of the eight addressing modes 
that apply to each of the format 2 instructions. 
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Table B-4. Mnemonics and Hex Codes of Format 1] Instructions 


Instruction Mnemonic | Hex Code Comments 
PRES ALL ES ET RS RE RI RE SC a SN ECT AE POLS Eo PT CE EE TI TE A EE TE EIT EEE ATS EA CIEE ER EAE SERRE TSA IIRL EEO PEL REDE LEE EVADE LI BETTE MELEE AE SI CLEP LE AEE PCE TE ED SEL TETL LEONE 


Selective stop 
Set bit t in A register 

Clear bit t in A register 
Complement bit t of A register 
Store zero count in A 


Exchange contents of A and Bl 
Exchange contents of A and B2 
Transfer interrupt register to A 
Shift A right circular t places 
Shift A left circular t places 


Shift A right open t places 
Transfer A to Bl 

Transfer A to B2 

Set internal test bit 

Set condition bit unconditionally false 


Condition true on least significant bit of Shift network = 1 
Condition true on ALU carry = 1 

Condition true on interrupt status = 1 

Set condition bit unconditionally true 

Set condition bit equal t of (bits) 


.o) 
2) 
Ss 
n 
ct 


Selectively set bit t of (bits) SMB s,t 
Selectively clear bit t of (bits) CMB s,t 
Set (bits) per ones in A SOA s 
Clear (bits) per zeros in A CZA s 
Set (bits) per zeros in A Ss 


Clear (bits) per ones in A Ss 
Move A words/bytes from M to Mtl MAW m 
Search A words/bytes SAW m 
Interrupt return IRT mm 
Push: Bl, B2 m 


PCP: Bl, B2 m 
ACO no address ADN m 
Subtract no address SBN m 
Logical minus no address LMN m 
Logical product no address LPN om 


Test index Bl no address m 
Test index B2 no address T2N m 
Load A complement no address LCN m 
Load from A no address LFA m 
Exit interrupt state m 


=) 


Return to interrupted program 
Enable interrupt 
Disable interrupt 
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87-2 
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Table B~5. Addressing Modes, Mnemonics, and Hex Codes of Format 2 Instructions 


Relative 
Reverse 


Relative Indirect Indirect 
Forward Indirect Index Bl Index B2 


Direct 
Index B2 


Direct 
Index Bl 


Instruction Direct 


Enter A with addr 
(alternate) 
(alternate) 

Enter Bl with addr 

(alternate) 


Enter B2 with addr 
(alternate) 

Test index Bl 

Test index B2 

Load A 


Load A complement 
Load upper 

Load lower 

Add 
Subtract 


Logical 
Logical product 
Replace add 

Add one 
Replace 


Replace lower 
Store 

Clear 

Subroutine jump 
Unconditional jump 


Zero jump 
Nonzero jump 
Positive jump 
Minus jump 

True jump 


False jump 
Subroutine return 


tNote that RTB's addressing mode is “relative backward" which is different from “relative reverse.” 


RTBt r F4-F5 


FIPS [/F SEQUENCE CHARTS , C 


This appendix contains sequence charts for the block multiplexer and data streaming 
operations of the FIPS device interface (see figures C-l and C-2). 


60459170 D C-1 


ad OLT6S 709 


Operational Out 

Request In 

Hold Out 

Select Out 

Select In 

Address Out 

Operational In 

Address In 

Command Out 

Status In 

Service In 

Service Out — 
Bus 0 In (9 tines) ania? 
Bus 0 Out (9 Lines f!@ 
Suppress Out 

Data In 

Nata Out 

Bus 1 In (9 Lines) Valid, 
Bus 1 Out (9 Lines) 

Mark In 0 

Mark Out 0 

Mark In 17 

Mark Out 1 

Mark In Parity 

Mark Out Parity 


Oata Transfer 


LAU TIGA 


Block Multiplex Operation 
(Disconnection with Channel End) 


' Status Channel End 


GNA, 


Litt 


Initial 
Selection 


Byte 0 Byte 2 Byte 2N. 


Data Transfer 


Two byte wide data transfer 


$e Operational Out 


Request In 


— ++, Hold Out 


AN —___+1+_____— Select Out 
-—__++—_—_——— Select In 
——_+——_—_—— Address Out 
——_»-_____—-(perational In 

——_-———_ + ——— Address In 
-— + Conmand Out 


———_—s Status In 


+ —_1—_—_———Service In 
+ ve tatt aera 
Status | Address 30 Status Zero 
rf “ \ 


——fi— Bus 0 In (9 Lines) 


+++ Bus 0 Out (9 Lines) 


————Service Out 


hannel End ress 
—.-Device End pees Ber 


— ts, i Suppress Out 


: Data In 


Data Out 
—_,_—_____, Bus 1 In (9 Lines) 
—_—_1+—__—__Bus 1] Out (9 Lines) 
—— Mark Ia 0 
————~r———~1 Mark Qut 0 
1» Mark In. 1 
HK Out P mark Out 1 


——_—_—__»____ Mark In Parity 


-—————______, Mark Out Parity 
Initial 
Sequence Selection 


Block Multiplex Operation —, 
(Data In Data Out Transfer) 


Data Transfer ——~ 


Figure C-l. Block Multiplexer Operation (Sheet 1 of 2) 
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Operational Out 
eee! 


Request In 
Hold Out 


es 


Select Out 


poelect In 


Address Out 
Operational In 
Address In 
fommand Out 
Status In : el | 
cep \ 
. | P| 
Service Out I. ¥T4 
Data_Byte Count s Zero Status. 


Channel End 
——— Device End 


eH 


Bus 1 In (9 Lines) 


Bus -1 Out (9 Lines) 


Mark In 0 


Mark Out 0 


Mark In 1 
Ree =e 


Mark Out 1 


Mark_In Parity 


Mark Out Parit 
7 es Gees hee _ Ending 
Sequence 


* Bus O In (9 Lines) 
** Bus 0 Out (9 Lines) 


Figure C-l. 


€-9 


Address 14 '/Status 


Chaining Indicated 


Block Multiplex Operation —+ 
(Reconnection with Device End) 


| 

le oe oe ee 
malt ye a Wa Be 
ASS eth 
Se 
Ap Retry 


Addres 


-- Operational Out 


Request In 


Select In 


Address Out 


je) 
(| ‘Operational In 
‘~Address In 
Command Out 
Status In 


Service In 
A, Status 


' 
7 ' 

+ 
T 
' 


Service Out 


' 
Channel 
End 
Sta Mod___—___ End 


3 Unit Ck End Bus 0 Out (9 Lines) 


Suppress Out 
Data In 


‘~Data Out 
Bus 1 In (9 Lines) 


Ve 
Mark In 0 


fe 
Mark Out 0 


Mark In Parity 


—Mark Out Parity 


Command Retry, 
Indication 


|b 2 Bi gee Multiplex Operation 


(Reconnection for Command Retry) 


Block Multiplexer Operation (Sheet 2 of 2) 
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Operational Out 


Requestin 
Hold Out 
Select Out 
Select in 
Address Out 
Operational In 
Address In 
Command Out 
Status In 
Service In 
Service Out 
Bus 0 in (9 Lines) ru 


Address.30 Command Data! Data: Datat 
Bus 0 Out (9 Lines) Data! Data: Data 


Channel End 
Oevice End 


Suppress Out 
Data In 


Data Out 

Bus 11n(9 Lines) 
Bus 1 Out (9 Lines) 
Mark Ind 

Mark Out 0 

Mark In 1 

Mark Out 1 

Mark In Parity 


Mark Out Parity os . 
Chaining Indicated 
Ending Initial 


Data Transfer as Seen by the Control Unit 2 
Sequence Selection 


Selection 
Block-Multiplexer Operation (Data Streaming) 


Legend: 
a 2 270 nanoseconds 
b > 180 nanoseconds 


Figure C-2. 


Oata: Data! Data! 
Data's Data; Data 


Data Transfer Termination by the 
Channel as Seen dy the Control Unit 
Block-Multiplexer Operation (Data Streaming) 


Data-Streaming Operation 


Channel End 
Device End 


Sequence 


Operational Out 
Request in 

Hold Out 

Select Out 
Select In 
Address Out 
Operational in 
Address In 
Command Out 
Status In 
Service In 
Service Out 
Bus 0in (9 Lines) 
Bus 0 Out (9 Lines 
Suppress Out 
Data In 

Data Out 

Bus 1 [In (9 Lines) 
Bus 1 Out (9 Lines) 
Mark In 

Mark Out 0 

Mark In 1 

Mark Out 1 

Mark In Parity 
Mark Out Parity 


FIPS DEVICE INTERFACE STATUS D 


This appendix defines each bit of the actual FIPS status byte received from the addressed 
1/0 device or control unit during an Ending Sequence Compare Error or Select Sequence 
Compare Error. 


Bit Position Designation 
8 Attention 
9 Status Modifier 
10 Control Unit End 
ll Busy 
12 Channel End 
13 Device End 
14 Unit Check 
15 Unit Exception 


BIT 8 ATTENTION 


The attention condition is generated when some asynchronous condition occurs in the I/O 
device. The condition may be accompanied by other status. Attention is not associated with 
the initiation, execution, or termination of any I/O operation. 


If a condition at the I/O device or control unit has caused the presentation of attention 
status while an I/0 operation is in execution, command chaining (if any), is no longer 
indicated, and the operation is ended. If command chaining is indicated when channel-end 
status is presented, command chaining is no longer indicated when device-end status is 
presented and accompanied by attention. When the attention condition is indicated, the 
handling and presentation of the condition to the channel depends on the type of 1/0 

device. An I/O device shared between more than one channel path presents the attention 
status to all channel paths as defined in the vendor’s documentation for that I/O device. 
Depending on the I/O-device application, attention may or may not be presented until command 
chaining is no longer indicated. 


Attention is accompanied by device end and unit exception when a not-ready-to-ready-state 
transition is signaled. (See bit 13 Device End.) 


BIT 9 STATUS MODIFIER 
A status modifier is used by control units in five cases: 


1. Control units that cannot provide current status in response to test I/0, present 
the status-modifier bit during the initial-selection procedure. 


2. Busy control units present the status-modifier bit with the busy bit during the 


initial-selection sequence or short-busy sequence to differentiate between a busy 
control unit and a busy device. 
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3. Control units designed to recognize special ending conditions (search equal on a 
disk) present the status-modifier bit with device end when the special condition 
occurs. 


4. Control units that use the command-retry feature present the status modifier with 
unit check and channel end, with or prior to device end, when requesting that the 
channel initiate the retry procedure. 


5. Control units designed to recognize special conditions that must be brought to the 
attention of the program present the status modifier along with the other status 
indications in order to modify the meaning of the status. 


In the first case, provision is made for certain types of control units that cannot provide 
current status on a demand basis as required by test I/O. Presentation of the status- 
modifier bit in response to test I/0 indicates that the control unit cannot execute the 
command, and any existing status remains unchanged and unavailable to a test I/0. This type 
of control unit provides status only on a control-unit-initiated selection sequence. 


In the second case, provision is made for indicating that a busy condition pertains to a 
control unit and not necessarily to the addressed I/0 device. (See bit 11 Busy for a 
description of control-unit-busy status conditions.) 


In the third case, provision is made for control units designed to recognize special ending 
or synchronizing conditions. If the special condition occurs, the status-modifier bit with 
the device-end bit is presented during the status presentation. When status-modifier and 
device-end bits are present in the status, it indicates that the normal sequence of commands 
must be modified. 


In the fourth case, provision is made for control units to request a retry of the execution 
of the current command. The situations encountered during which retry is requested are 
specified in the vendor’s documentation for the device. 


In the fifth case, provision is made for control units designed to recognize special 
conditions that are unrelated to the execution of an I/O operation. These conditions must 
be brought to the attention of the program. Status modifier is used to modify the meaning 
of the other accompanying status indications. The meaning of the status combinations is 
specified in the vendor’s documentation for the device. 


BIT 10 CONTROL - UNIT END 


Only control units that can indicate a control-unit-busy condition can indicate a control- 
unit-end condition. The control-unit-end condition occurs for one or both of the following: 


e The control unit was interrogated while it was in the busy state. Interrogated in 
the busy state means that, during an initial-selection sequence, conditions at the 
control unit precluded execution of an operation with an 1/0 device on the control 
unit, and that the control unit responded with a busy and status modifier in the 
unit-status byte. (See bit 9 Status Modifier.) 


e The contol unit detected an unusual condition while busy, but after a channel end 
was accepted by the channel. Indication of the unusual condition accompanies 


control-unit end. 


If the control unit remains busy executing an operation after signaling channel end but is 
not interrogated and does not detect an unusual condition, control-unit end is not generated. 
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The I/O-device address associated with control-unit end is determined as follows: 


e The address of the selected device is used if control-unit end is to be presented 
with channel end and/or device end. 


o If control-unit end is generated without channel end or device end and the status is 
presented during a control-unit-initiated sequence, the I/O-device address to be 
used when presenting this status is any legitimate address associated with the 
control unit. (A legitimate address is any address that is not associated with an 
1/0 device currently executing an I/O operation and that the control unit is capable 
of recognizing, regardless of whether or not the I/O device is acually attached.) 


° If control-unit end is to be presented during an initial-selection sequence, the 
I/O-device address is the same as the address issued with address out. The sequence 
may be executed as either the initial-selection sequence or the short-busy sequence. 


The control-unit-end condition can be signaled with channel end, or any time after channel 
end, and may be accompanied by other status bits. When control-unit end is signaled with a 
control-unit initiated sequence in the absence of any preceding data transfer or other 
status conditions, the status may be associated with any address assigned to the control 
unit. For control units attaching more than a single I/0 device, a pending control-unit end 
for one I/O device does not necessarily preclude initiation of new operations with other 
attached devices. Whether the control unit allows initiation of other operations is at the 
option of the control unit. Control-unit end causes command chaining to be suppressed. 


When the busy state of the control unit is temporary, control-unit end can be included with 
busy and status modifier in response to interrogation, even though the control unit is not 
free. The busy condition may be considered temporary if it lasts less than approximately 
two milliseconds. 


When a control unit has signaled a temporary 
control unit-busy condition, the channel may 
attempt an initial-selection sequence immedi- 
ately following acceptance of the status. 


BIT 11 BUSY 
The busy indication occurs only during an initial-selection sequence or short-busy sequence 
and means that conditions existing at the I/O device or control unit preclude execution of 


the intended I/O operation because one of the following situations exist: 


e An I/O operation initiated during a previous initial-selection sequence is being 
executed. 


° Stacked or pending status conditions exist (except as noted later in this section). 


e The control unit is shared by channels or I/0 devices, or an I/O device is shared by 
control units and the shared facility is not available. 


e A self-initiated function (for example, microdiagnostics or data movement internal 
to the I/0 device) is being performed. 
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An I/O operation is being executed from the time initial status is accepted until device end 
is accepted. Status conditions for the addressed I/O device, if any, accompany the busy 
indication. 


If the busy condition applies to a control-unit function, busy is accompanied by status 
modifier. 


Busy is indicated to a test-I/O command under the same conditions that busy is indicated to 
other commands; however, busy is not indicated to a test-I/0 command if there is an 
available path to the I/O device and there is stacked or pending status for that 1/0 device. 


The busy condition causes command chaining to be suppressed. 


For many recent I/0 devices, if zero status 
has previously been stacked at a device and 
if a command other than test I/O is received 
by the same device, the zero status is dis- 
carded by the control unit or device, and 
execution of the command proceeds normally. 


BIT 12 CHANNEL END 


Channel end is caused by the completion of the portion of an I/O operation involving 
execution of a command; this execution may also include the transfer of data between the I/0 
device and the channel. 


Each I/O operation causes only one channel-end indication to be generated. The channel-end 
condition is generated only when the command is accepted, that is, the initial status byte 
for the operation contained either all zeros or channel end, as in the execution of an 
immediate operation. If the initial-status byte contained all zeros, the next status byte 
presented by the device includes channel end. If channel end is not included in this status 
byte, an error condition may be recognized by the channel and the I/O operation, if any, 
terminated. 


During an I/O operation, the exact time that channel end is generated depends on the 
operation and the type of I/0 device. For operations such as writing, some I/O devices 
generate the channel-end condition when the data has been written. On other I/O devices 
that later verify the writing, channel end may be delayed until verification is performed, 
depending on the I/0 device. On I/0 devices equipped with buffers, the channel-end 
condition may occur on completion of data transfer between the channel and the buffer. 
During execution of control commands that involve data transfer, channel end is usually 
generated after the data is transferred to the control unit, although for some 1/0 
operations, channel end may be delayed until the operation is completed. Operations that do 
not cause data to be transferred, as in the case of immediate operations, can provide the 
channel-end condition during the initial-selection sequence. 
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BIT 13 DEVICE END 
Device end is presented to the channel under the following conditions: 
e When the completion of an I/O operation is signaled by the I/0 device. 


e When the I/0 device, having previously responded busy, signals that a change from 
the busy to the not-busy state has occurred. 


© When the I/0 device signals that a change from the not-ready to the ready state has 
occurred. 


o When the control unit or I/O device signals that an asynchronous condition has been 
recognized. 


Each I/O operation causes only one device-end condition. In this situation, the device-end 
condition is not generated unless the command is accepted. 


The device-end condition associated with an I/O operation is generated either simultaneously 
with the channel-end condition or later. For data-transfer operations on some I/O devices, 
the operation is complete at the time channel end is generated, and both device end and 
channel end occur together. The time at which device end is presented depends upon the I/0 
device type and the kind of command executed. For most I/0 devices, device end is presented 
when the I/O operation is completed. In some cases, for reasons of performance, device end 
is presented before the I/O operation has actually been completed at the I/0 device. 
However, in all cases, when device end is presented, the I/O device is available for an 
initial-selection sequence if command chaining was indicated when the device end was 
accepted by the channel. During execution of control commands, the device-end condition may 
be generated at the time channel end is generated, or later. 


When command chaining is being performed, the channel normally makes available to the 
program only the device end of the last operation of the chain. In situations where the 1/0 
operation has been completed and status of only channel end has been accepted by the 
channel, the next status byte presented by the I/O device contains either device end or 
device end and status modifier; otherwise, command chaining, if any, is not indicated. A 
device-end signal received by the channel in the absence of any unusual conditions causes 
the channel to initiate the next command-chained I/0 operation, if any. Device-end status, 
when received by the channel in the presence of unusual conditions, causes the channel to 
terminate command chaining, if any, and report the unusual condition to the program. If, 
during command chaining, an unusual condition is recognized subsequent to device end having 
been accepted by the channel and before acceptance of the next command by the control unit, 
command chaining does not occur, and the device-end status previously presented is not made 
available to the program. 


If an I/O device previously responded busy, device end is signaled on the path over which 
the initial-selection sequence was initiated when the I/0 device becomes not busy. In this 
situation, device end is signaled only once, independent of the number of times the I/0 
device responded busy. 


Device end is accompanied by attention and unit exception when a state change from not-ready 
to ready is signaled. (Many older I/0 devices present status of only device end or device 
end, attention, and unit exception when signaling a not-ready to ready-state transition.) 

An I/O device is considered to be not ready when operator intervention is required in making 
the 1/0 device ready. A not-ready condition can occur, for example, because of any of the 
following: 
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e An unloaded condition in a magnetic-tape unit. 

e Card equipment out of cards or stacker full. 

e Printer out of paper. 

e Error conditions that need operator intervention. 

e An I/O device having changed from the enabled to the disabled state. 


An 1/0 device shared between more than one channel and for which a not-ready to ready-state 
transition has occurred must present the appropriate indication to all attached channels as 
defined in the operational specification for the I/O device. 


Device end is accompanied by other status when conditions are recognized that are unrelated 
to the execution of an I/O operation. These conditions are brought to the attention of the 
program and are presented to the channel as they occur. 


BIT 14 UNIT CHECK 


Unit check indicates that the I/O device or control unit has detected an unusual condition 
that is detailed by information available to a basic sense command. The occurrence of unit 
check may indicate that a programming error or an equipment error has been detected, that 
the not-ready state of the device has affected the execution of the command, or that an 
exceptional condition other than the one identified by unit exception has occurred. The 
unit-check bit provides a summary indication of the conditions identified by sense data. 


An error condition causes the unit-check indication when the error condition occurs during 
execution of a command or during some activity associated with an I/O operation. Unless the 
error condition pertains to the activity initiated by a command or is of significance to the 
program, the condition does not cause the program to be alerted after device end has been 
cleared; a malfunction may, however, cause the device to become not ready. 


Unit check is indicated when the existence of the not-ready state precludes a satisfactory 
execution of the command or when the command, by its nature, tests the state of the 1/0 
device. When no status is pending for the addressed I/0 device at the control unit, the 
control unit signals unit check when test I/O or the no-operation control command is issued 
to a not-ready I/0 device. In the case of a no-operation, the command is not accepted, and 
channel end and device end do not accompany unit check. 


Unless the command is designed to cause unit check, such as a command to rewind and unload 
magnetic tape, unit check is not indicated if the command is properly executed, even though 
the I/0 device has become not ready during or because of the operation. Similarly, unit 
check is not indicated if the command can be executed with the I/O device not ready. A 
console could, for example, accept and execute the alarm-control command when the printer is 
not ready. Selection of the I/O device in the not-ready state does not cause a unit-check 
indication when the sense command is issued or when a status condition is pending for the 
addressed device at the control unit. 


If, during the initial-selection sequence, the I/0 device detects that the command cannot be 
executed before initial status is presented, unit check is presented to the channel and it 
appears without channel end, control-unit end, or device end. Such unit status indicates 
that no action has been taken at the device in reponse to the command. If the condition 
that precludes proper execution of the operation occurs after the command has been accepted, 
unit check is accompanied by channel end, control-unit end, or device end, depending on when 
the condition was detected. Errors detected after device end is cleared may be indicated by 
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signaling unit check with attention, unit check with control-unit end, or unit check with 
device end. 


Unit-check status presented either in the absence of or accompanied by other status 
indicates only that sense information is available to the basic sense command. Presentation 
of either channel end and unit check or channel end, device end, and unit check does not 
provide any indication as to the kind of conditions encountered by the control unit, the 
state of the I/O device, or whether execution of the operation has been started. Instead, 
descriptions of these conditions or states are provided in the sense information. 


When unit check appears with channel end and without device end, the sense data and an 
available device path must be preserved until after the device end and the sense data are 
accepted or reset. 


Errors, such as invalid command code or invalid command-code parity, do not cause unit check 
when the device is working or contains a pending interruption condition at the time of 
selection. Under these circumstances, the I/0 device responds by providing the busy bit and 
indicating any pending status. The command-code validity is not indicated. 


Termination of an operation with the unit-check indication causes command chaining to be 
suppressed. 


If an I/O device becomes not ready on com- 
pletion of a command, the ending status can 
be cleared by test I/O without generation of 
unit check because of the not-ready state. 
Any subsequent test I/0 issued to the 1/0 
device causes a unit-check indication. 


BIT 15 UNIT EXCEPTION 


Unit exception means that the I/0 device detected an unusual condition that needs to be 
reported to the program. During execution of an I/0 operation, unit exception has only one 
meaning for any particular command and type of I/0 device. A sense operation is not 
required as a response to the acceptance of a unit-exception condition. 


A unit-exception condition may be generated when the I/O device is executing an 1/0 
operation, or when the device is involved with some activity associated with an I/0 
operation and the condition is of immediate significance. If a device detects a unit- 
exception condition during the initial-selection sequence, unit exception is presented to 
the channel without channel end, control-unit end, or device end. Such unit status 
indicates that no action has been taken at the device in response to the command. If the 
condition that precludes normal execution of the operation occurs after the command has been 
accepted, unit exception is accompanied by channel end, control-unit end, or device end, 
depending on when the condition is detected. Any unusual condition associated with an 
operation but detected after device end is cleared, is indicated by signaling unit exception 
with attention. 


The unit-exception is accompanied by device end and attention when a not-ready to ready- 
State transition is signaled. 
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COMMAND-RETRY SEQUENCE 


If, during execution of a command, the control unit encounters a condition requiring retry, 
the control unit requests command retry by raising mark 0 in and status in while presenting 
unit check and status modifier together with channel end (meaning the control unit or the 
device is not yet ready to retry the command), or channel end and device end (meaning the 
control unit and device are prepared for immediate retry of the command). Device end, if 
not presented with channel end, is presented later, when the control unit is ready to retry 
the command. 
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